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ABSTRACT 

Aims. We present a homogeneous set of spectroscopic measurements secured with 4-meter class telescopes for a sample of 90 
planetary nebulae (PNe) located in the direction of the Galactic bulge. 

Methods. We derive their plasma parameters and chemical abundances. For half of the objects this is done for the first time. We 
discuss the accuracy of these data and compare it with other recently published samples. We analyze various properties of PNe with 
emission-line central stars in the Galactic bulge. 

Results. Investigating the spectra we found that 7 of those PNe are ionized by Wolf-Rayet ([WR]) type stars of the very late (VL) 
spectral class [WC 11] and 8 by weak emission-line (WEL) stars. From the analysis we conclude that the PN central stars of WEL, VL 
and remaining [WR] types form three, evolutionary unconnected forms of enhanced mass-loss among central stars of PNe. [WR] PNe 
seem to be intrinsically brighter than other PNe. Overall, we find no statistically significant evidence that the chemical composition 
of PNe with emission-line central stars is different from that of the remaining Galactic bulge PNe. 

Key words. ISM: planetary nebulae: general - Galaxy: bulge - Galaxy: abundances - stars: Wolf-Rayet 



1. Introduction 

Planetary nebulae (PNe) are a short evolutionary phase in the 
life of low and intermediate mass stars occurring after they leave 
the Asymptotic Giant Branch (AGB). This basic fact was estab- 
lished decades ago (Shklovsky 1956, Paczynski 1971) yet the 
details of processes leading to the creation of the nebula and its 
subsequent evolution remain unclear. It is not known for exam- 
ple if the central stars (CSs) of PNe are predominantly hydrogen 
or helium burning. In fact, only for a small subclass of them, 
with spectra similar to massive Wolf-Rayet stars, do we know 
what is powering their evolution: since such stars are practically 
hydrogen free, they must be burning helium. For the remaining 
CSs it is believed that they are burning hydrogen in a shell and in 
fact most of the available evolutionary models assume hydrogen 
as a fuel of the nuclear reactions at these stages of evolution (see 
Gorny & Tylenda 2000). 

The atmospheres of Wolf-Rayet type CSs are peculiar and 
very dilferent from most CSs. Their outermost layers are mostly 
composed of helium, carbon and oxygen (see review by Werner 
& Herwig 2006). They are also characterized by enhanced mass- 
loss which triggers the occurrence of prominent stellar emission 

Send offprint requests to: S. K. Gorny 

* Based on observations made at the Cerro Tololo Interamerican 
Observatory and the European Southern Observatory 

** Tables 2 and 3 and Figures 21 and 22 are only available in electronic 
form at http://www.aanda.org, 



bands of C, O and He. The origin of their name comes from 
the appearance of their stellar spectra as they closely resemble 
those of genuine massive Wolf-Rayet population I stars of the 
WC spectral subclass. The similarity is so close that the same 
classification scheme can be used (Crowther et al. 1998, Acker 
& Neiner 200313- To mark the difference with population I WR 
stars, a notation between brackets is used: [WR] or [WC]. 

The general question of the origin of Wolf-Rayet type central 
stars at the center of some PNe is one of the open problems in 
the PN field. But [WR] PN^EI have other secrets of their own. For 
example, it is not understood why in the Milky Way there are 
so few CSs with intermediate-class [WC] spectral types. Those 
that are known are located predominantly in the bulge of our 
Galaxy while there is clearly an underpopulation of such objects 
in the disk (Gorny 2001). The picture of Galactic bulge/disk di- 
chotomy of [WR] PNe seemed to be disturbed when Gorny et al. 
(2004) reported on a large number of PNe central stars classi- 
fied as [WC 1 1] in the bulge. Before that, [WR] PNe of this type 
were known only in the Galactic disk. In addition, the number 
of PNe with "weak emission-line" (WEL) central stars (a class 



' In this work we will continue to use the older classification scheme 
with spectral classes ranging from coolest [WC 11] to hottest [WC 2] 
stars because they are easier to apply to the central stars with lower 
quality spectra - see Gorny et al. (2004) for more detailed justification. 

- In the rest of the paper, we use the notation [WR] PNe for PNe with 
[WR] central stars and [WR] CSs referring to such stars. 
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introduced by Tylenda et al. 1993) found by Gorny et al. (2004) 
in the bulge was also surprisingly high. 

In this paper we present new spectra of 90 PNe in the 
Galactic bulge direction. The goal of our observational program 
was to increase the sample of bulge PNe with homeogenous 
abundance determinations and to discover new emission-line 
CSs. Combined with high quality literature data we have gath- 
ered spectroscopic data of 245 PNe, most of them with a high 
probability of physically belonging to the bulge of the Milky 
Way. The remaining PNe most probably belong to the inner disk 
of our Galaxy. In this work, we use the spectroscopic informa- 
tion combined with other data to discuss the evolutionary status 
of Galactic bulge PNe with different types of emission-line CSs 
as compared to PNe with normal nuclei. 

This paper is organized as follows. In Section 2 we present 
the observations and describe the reduction procedures. In 
Section 3 the data quality is assessed. In Section 4 we describe 
the method applied to derive the plasma parameters and abun- 
dances. In Section 5 for common objects we compare our results 
with those of other authors. Section 6 presents our newly dis- 
covered PNe with emission-line CSs including a discussion on 
their classification, rate of occurrence and selection effects, both 
in the bulge and inner disk samples. In Section 7 various proper- 
ties of these objects are described and compared to normal PNe. 
A summary of our results and our conclusions can be found in 
Section 8. 

2. Observations and reduction 

We present results of spectroscopic observations of 90 PNe se- 
cured during three runs on two different 4-meter class telescopes 
by C. Chiappini and F. Cuisinier The observations were per- 
formed in July 2001 and April/May 2002 at the Cerro Tololo 
Interamerican Observatory (CTIO) using the RC-spectrograph 
attached to the 4-meter telescope and in July 2002 with the 3.6 
meter telescope and the EFOSC II instrument of the European 
Southern Observatory (ESO). The log of observations is pre- 
sented in Table 1 . 

In Fig. [1] we show the sky distribution of the observed ob- 
jects in Galactic coordinates. Practically all these PNe can be 
regarded as belonging to the Galactic bulge as they satisfy the 
standard criteria (Stasiriska & Tylenda 1994), namely: a) they 
are located within 10 degrees from the center of the Galaxy, b) 
have diameters smaller than 20" and c) known radio fluxes at 
5GHz smaller than lOOmJy. 

For the majority of PNe in our sample the presented spectro- 
scopic observations allowed us to derive accurate plasma param- 
eters and chemical abundances for the first time. For the remain- 
ing objects such data had already been published elsewhere, e.g. 
24 PNe are in common with Gorny et al. (2004) and 9 with Wang 
& Liu (2007). There are also 44 objects in common with Exter 
et al. (2004) however in this case information on some crucial 
diagnostic lines is often available only in our spectra. 

A series of spectra with different exposures were taken for 
each observed PN. The times ranged from a few seconds to 1 
hour, to secure unsaturated detections of the strongest nebular 
lines as well as good signal for the weak but important features. 
On-sky projected slit apertures of 4 arcsec for PN observations 
and 10 arcsec in the case of standard star spectra were used. Each 
night at least three different standard stars (Feige58, Feige 110, 
EG 274, GD 108 or LT6248) were observed together with ap- 
propriate calibration lamp spectra, dome and sky flats. 

The spectra obtained at CTIO have a spectral resolution 
R=1000 and span from 3900A to 7580A for observations taken 



8 




-15-10 -5 5 10 15 

1 [cleg] 

Fig. 1. Distribution of the observed PNe in Galactic coordinates. 
Objects observed during different runs are marked: CTIO 2001 - 
squares, CTIO 2002 - diamonds, ESO 2002 - triangles. Objects 
observed during both seasons at CTIO are marked with circles. 

in year 2001 and from 3700A to 7390A in 2002. The spectra ob- 
tained at ESO have a spectral resolution of about R=2000 and 
span from 3600A to 7350A. In both cases, due to the fact that no 
order blocking filters were used, the spectra of standard stars can 
be contaminated in their red part with light coming from the sec- 
ond order blue wing. The effect on PN spectra is much smaller 
since most of the radiation is emitted in narrow lines. In some 
PN observations, the use of broad-band filters is not desirable if 
one is interested in registering blue lines, like the [O ii] /13727 
line. However it is possible to use transmission curves as de- 
rived from different standard stars of different effective tempera- 
tures to disentangle the effects of second order contamination. In 
Appendix A we describe our method to account for second order 
contamination during data reduction and find that it adds only a 
few percent of uncertainty in the line fluxes. 

Procedures from the long-slit spectral package of MIDAl^ 
were used to reduce and calibrate the spectra. These involved 
bias subtraction, flatfield correction, atmospheric extinction cor- 
rection, and wavelength and flux calibration. 

The 1 -dimensional spectra of standard stars were obtained in 
the usual manner by summing over the appropriate rows of a sky- 
subtracted frame. In the case of PNe spectra a multi-step method 
had to be adopted. This was due to the fact that many lines of 
the observed nebulae are weak and that the objects are located 
in crowded Galactic bulge fields with many nearby contaminat- 
ing stars. For this reason before extracting 1-D spectra we re- 
moved all the underlying background sources leaving only neb- 
ular emission lines. This involved both sky continuum emission 
and telluric and interstellar lines (perpendicular to the dispersion 
direction) and all the stellar continuum components (spanning 
along the dispersion). The complicated system of contaminating 
features could not be satisfactorily removed in just one step. A 
separate fitting to both directions had to be performed starting 
from test removing of sky background components, followed by 

^ MIDAS is developed and maintained by the European Southern 
Observatory. 
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Date 


Observatory 


Telescope 


Range 


Resolution 


Observed PNe 


2001, July 


CTIO 


4m + RC-spectrograph 


3900-7580A 


-1000 


35 


2002, April/May 


CTIO 


4m + RC-spectrograph 


3700-7390A 


-1000 


37 


2002, July 


ESO 


3.5m + EFOSCII 


3600-7350A 


-2000 


23 



removing spectra of stars and finally performing a proper sky 
subtraction. In some cases this process had to be repeated in an 
iterative way. 

The final step was to detect the nebular lines in the frame. 
The procedure we used considered that a signal can be attributed 
to a nebular line only if it was stronger than 2 sigmas of the aver- 
aged background noise and at least half of its neighboring pixels 
were also found above that level. In this way spatial contours 
of all secure nebular lines were established while the remaining 
background could be set to zero. After summing the frame in the 
direction perpendicular to the dispersion, a 1-D spectrum of the 
PN was obtained. The applied procedure helps to maximize the 
S/N of weak nebular features as fewer noise-dominated pixels 
are integrated. 

Intensities of the lines were measured from the 1-D spectra 
by employing the REWIA packag^ adopting Gaussian profiles 
and performing multi-Gaussian fits when necessary. 

The line intensities have been corrected for extinction us- 
ing an iterative procedure, adopting the extinction law of Seaton 
(1979) in order to reproduce the theoretical case B Balmer lines 
ratios at the electron temperature and density derived for the ob- 
ject. For the CTIO and ESO observations in 2002 the Ha/U/S 
ratio was used while for the CTIO 2001 observations only the 
Ha/Hy could be usecfl Therefore the line intensities for the latter 
subsample of observations have in fact been derived with respect 
to Ha and only later recalculated to the expected H/? intensity. 

In the case of 2002 CTIO and ESO observations the basic 
reddening procedure described above did not always give the 
theoretically expected ratios of Hy/H/? and/or H6fH/3. This is 
not unusual and can be attributed to many factors like deviations 
from the adopted extinction law or flux calibration problems (we 
have tried to evaluate the importance of such effects, see below). 
It is crucial however that the intensities of the [O iii] /14363 and 
[O ii] A3121 lines are reddening-corrected in the best possible 
way. For this reason we have applied an additional correction 
procedure (similar to the one described in Gorny et al. 2004) to 
bring the HyfH/3 and/or H(J/Hj6 ratios to their theoretically ex- 
pected values and then used a proportional correction to all the 
nearby lines. The principal refinement to the recipe described in 
Gorny et al. (2004) was that we took due consideration of the 
possible random errors involved in line measurements and ap- 
plied the procedure only if the deviations were substantial com- 
pared to expected inaccuracies. We thus avoided translating un- 
certainties from individual measurements of (sometimes rather 
weak) H6 and Hy lines onto other lines. 

In Table 20 we present the dereddened intensities of all im- 
portant lines on the scale of Hj8=100. The lines additionally cor- 
rected in the way described above are marked with "c" in the 
table. 
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* J.Borkowski; www.ncac . torun.pl/cgi-bin/rewia2html 

^ In the CTIO 2001 run, the line was registered on hot pixels of 
one of the bad CCD columns and could not be reliably measured. 

* Table 2 is available in electronic form only. 



Fig. 2. Intensity ratio of the [O m] /15007 and 4959 lines as the 
function of the flux in [O m] /15007 (arbitrary units). Objects ob- 
served during different runs are marked: CTIO 2001 - squares, 
CTIO 2002 - diamonds, ESO 2002 - triangles. Dashed line rep- 
resents theoretical value. 



3. Evaluation of data quality 

In the ESO 2002 observations the spectral resolving power of 
~2000 resulted in a substantial blending of the Ha line at 6563 A 
with the [N ii] line at 6548A. Since the [N ii] /16584/6548 ratio is 
given by atomic physics to be 3.05, we obtained the Ha intensity 
by subtracting from the measured sum of Ha and [N ii] /16548 
intensities the value of the [N ii] /16584 intensity divided by 3.05. 
The cases when this approach was necessary are marked with 
"b" in Table 2. The accuracy of the Ha line intensities obtained 
in such a way is estimated to be around 10%. 

The same mark "b" is placed for cases with strong blending 
of lines of the [S ii] /16731/6716 doublet. The accuracy of the 
inferred ratio of these two lines can probably be as low as 40% 
in the most difficult cases marked additionally with a colon (:b) 
in Table 2. 

The accuracies of all the remaining line measurements are 
estimated to be of roughly 5%. This includes all direct sources 
of errors like photon shot noise as well as CCD readout, bias and 
sky background induced noises. The standard star measurement 
and interstellar/atmospheric extinction related uncertainties fur- 
ther increase the possible errors. In cases marked with a colon 
in Table 2 the uncertainty is around 20% and in the rare cases of 
extremely weak lines or lines contaminated with sky features or 
field stars (marked with semicolon) this can be as high as 40%. 

Because the ratios of some lines should be practically con- 
stant and are known from atomic physics they can be used to 
evaluate the quality of spectroscopic observations. One of them 
is the [O III] ^5007/4959 line ratio which should be 2.98 (Storey 
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Fig. 3. Relative differences in line measurements (reddening un- 
corrected) from two different spectra at CTIO in 2001 and in 
2002 as a function of line intensity (log I(HQr)=2). Different sym- 
bols mark observations of four PNe: H2-1 - triangles; H 1-9 - 
squares; M 2-1 1 - diamonds; H 1-46 - circles. The data for [O ii] 
/17325 line are marked with larger blue symbols. Open symbols 
mark line measurements judged as uncertain. 



& Zeippen 2000). Note that these lines are usually so bright they 
easily saturate and therefore have to be extracted from the short- 
est exposure frames. The measured values for our data are plot- 
ted in Fig.|2l The dispersion of the observed ratios for the strong 
and intermediate brightness lines is in agreement with the esti- 
mated 5% error of the line intensity measurement^]. 

We have tried also to use the akeady mentioned [N n] 
/16584/6548 ratios derived from our spectra. In this case the de- 
viations from the theoretical value turned out to be much larger. 
We have checked, however, that the main reason for the discrep- 
ancy is due to contamination of [N ii] /16548 line from the wing 
of the strong adjacent Ha line. It therefore turns out that the [N ii] 
/16584/6548 ratio is simply not applicable as a tracer of line mea- 
surement quality for our observations. 

A final test of the accuracy of line measurements is shown 
in Fig. [3] This plot presents relative differences of all lines of 4 
PNe (H2-1, H 1-9, M2-11 and HI -46) registered during CTIO 
observations in 2001 and repeated in 2002. In this case the dif- 
ferences reflect the combined effect of more factors since dur- 
ing the two nights e.g. standard star selection could be different 
and the atmospheric conditions or detailed instrument settings 
are certainly not identical. As can be seen in Fig. [3] most of the 
differences in line measurements are again within 5% and only 
very few exceed 10%. Many of the outlying points correspond 
to lines already acknowledged to be uncertain while inspecting 
the spectra and measuring the line intensities (open symbols). It 
is important to note that the measurement of the [O ii] /17325 
lines seems to be rather uncertain (shown with larger symbols) 

' The most outlying points in Fig.|2]are evolved, faint nebulae: H 1- 
64, H2-22, Pe2-12 and H 2-30. The first three are low excitation PNe 
without emission-line CSs. The latter PN is high excitation object but no 
nebular parameters could be calculated due to the quality of the spectra. 



even though their intensities are relatively high - at the level of 
1/10 of the Ha intensity. This is due to the difficulty in establish- 
ing the instrument response function with a high confidence at 
both extreme red and blue ends of the spectral rang^l An addi- 
tional argument for a systematic rather than statistical character 
of these eiTors is that they are biased in the same direction in all 
four PNe presented in Fig. [3] With CTIO 2001 observations the 
[O ii] /17325 intensities seem always larger than in CTIO 2002. 
For this reason we have adopted 10% as a default error for [O ii] 
A7325 measurements in further calculations. 



4. Plasma parameters and chemical abundances 

We use the classical empirical method to derive the plasma 
parameters. First, the electron densities are deduced from the 
[S ii] /167 3 1/67 16 ratio and electron temperatures from the [O iii] 
/14363/5007 and/or [N n] ^5755/6584 ratios. These are used to 
refine the inferred reddening correction as described above. The 
chemical abundances are derived with the code ABELION as in 
Gorny et al. (2004), but the atomic data have been updated us- 
ing sources listed in Stasiiiska (2005) as well as Tayal (2007) for 
[O II] and Porter et al. (2007) for He i. 

The [N II] ^5755 and [O ii] ^^7320,7330 lines can be affected 
by recombination from N^^ and O^^ ions. This was taken into 
account by using the expressions given in Liu et al. (2000), the 
[N ii] /15755/6584 temperature and assuming that N++/H=0++/H 
X N^/O^. This has a negligible effect on the computed abun- 
dances. The real effect could be larger if, as suggested by Liu 
(2006 and references therein), the recombination lines were ac- 
tually coming from a much cooler zone. In the most extreme 
cases from Wang & Liu (2007), where the observational data 
allow a better correction for the effect of recombination, the re- 
sulting abundances are modified by a few percent at most. 

Thus the recombination contribution cannot solve the known 
problem of a frequent difference in O^ ionic abundance derived 
from A1325 as compared to 13721. The discrepancy between 
these two O^ values varies from object to object. For some PNe 
there is almost perfect agreement while for other PNe the dif- 
ference exceeds a factor of 2. We have noticed however that the 
abundance ratios 0^(/l3727)/0^(/i7325) that we derive seem to 
cluster around a value characteristic for a given observing run 
and PN environment (e.g. bulge or inner-disk objects). We have 
therefore used the relevant median ratio to correct the 0^(/l7325) 
abundance down when necessary to obtain an O^ estimation 
scaled to the value expected from the 0^(/l3727) line. For ex- 
ample, in the case of CTIO 2002 when the blue O^ line was 
not observed due to high extinction, a factor of 0.66 was used 
to correct the other line. The same factor was applied to CTIO 
2001 observations that all missed the [O ii] /13727 line since it 
was outside the observed range. Thanks to this procedure, the 
results are not biased by the selection of data sources (whether 
the A3121 could be registered in a particular observing run) or 
the line being unobserved for some PNe (e.g. due to high extinc- 
tion). In a last step if there were O^ estimates from both lines a 
final value for a given PN was calculated by taking an average 
weighted by their respective uncertainties. 

The uncertainties in abundance ratios and other derived pa- 
rameters were obtained by propagating uncertainties in the ob- 
served emission line intensities using Monte-Carlo simulations. 
It should be noted that our approach does not take into account 

Compare e.g. the different shapes of response functions from in- 
dividual standard stars at these wavelengths shown in Fig. A2 in the 
Appendix. 
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Fig. 4. The electron temperature derived from [O m] 
/14363/5007 versus the electron temperature derived from [N n] 
^5755/6584 (CTIO observations in 2001 - squares, CTIO 2002 
- diamonds, ESO 2002 - triangles). Open black symbols mark 
cases with r(,(N ii) judged uncertain and replaced with Te(0 m) 
in abundance calculations. 

such sources of possible errors like variations in extinction law 
or unknown structure of the nebulae. This should be compen- 
sated to some degree by our conservative assumption of line in- 
tensity errors of at least 5% even for the strongest lines. In order 
to avoid dealing with uncertain values we remove from consid- 
eration any parameter for which the two-sigma error from the 
Monte-Carlo simulation is larger than 0.3 dex. In cases where we 
will include more uncertain parameters, this will be indicated. 

Similarly to Gorny et al. (2004) we use (N ii), the temper- 
ature derived from [N ii] /15755/6584 for lines from ions with 
low ionization potential (S^, N^, O^) and Te(0 iii), the temper- 
ature derived from [O iii] /14363/5007 for hydrogen and lines 
from other ions with intermediate and high ionization potentials. 
If neither of these temperatures is available (only 6 cases) we re- 
frain from abundance determinations. In Fig.|4]we plot re(0 iii) 
versus ^^(N n) for our PN data. The observed behavior of these 
temperatures is quite similar to the one shown in Fig. 2 of Gorny 
et al. (2004). The only difference is that in the new sample 
there are no PNe with measured values of TJ^O iii) larger than 
16000K. As in Gorny et al. (2004) in about 25% of cases r,(N ii) 
was very uncertain and we used the Te(0 iii) for all the ions. 

After computing ionic abundances, the elemental abun- 
dances are obtained using the ionization correction factors 
(ICFs) from Kingsburgh & Barlow (1994). In the present work 
we derive additionally the abundance of chlorine, adopting the 
ICF from Liu etal. (2000). Table 30 lists the plasma diagnos- 
tics and ionic and elemental abundances ordered by PN G num- 
bers. In this table, there are three rows for each object, and a 
fourth row used to separate them. The first row gives the values 
of parameters computed from the nominal values of the observa- 
tional data. The second and third row give the upper and lower 
limits respectively of these parameters. Column (1) of Table 3 

' Table 3 is available in electronic form only. 



gives the PNG number; Column (2) gives the usual name of the 
PN; Column (3) gives the electron density deduced from [S ii] 
/i6731/6716, columns (4) and (5) give the electron temperature 
deduced from [O iii] ^4363/5007 and [N ii] ^5755/6584 respec- 
tively (the value of ^(.(N ii) is in parenthesis if Te(0 iii) was cho- 
sen for all ions). Column (6) gives the He/H ratio, columns (7) to 
(12) the N/H, O/H, Ne/H, S/H, Ar/H, Cl/H ratios, respectively. 
Column (13) gives the logarithmic extinction C at H/8 derived 
from the spectra. 

5. Comparison with other samples 

We now compare the quality of our results with previously pub- 
lished data. For this purpose we derived the plasma parame- 
ters and abundances using exactly the same procedures, assump- 
tions and atomic data for the objects of the sample introduced 
here and taking the data of PNe originally observed by Gorny 
et al. (2004), objects observed by Escudero & Costa (2001) and 
Escudero etal. (2004) and also those of Wang & Liu (2007). In 
the latter case we used only the optical data to be consistent with 
what was available from our own observations. Finally, the same 
method was applied to objects from Exter et al. (2004). 

First we analyse the electronic temperatures. Columns 2 and 
3 of Table 4 present the median of the differences of derived 
temperatures for PNe in common between this work and other 
samples. As it can be seen, the agreement between the different 
authors is good, typically well below 0. 1 dex. The differences are 
therefore of the same order as individual errors derived with the 
Monte-Carlo method, suggesting that our error estimates were 
reasonable. Larger differences are found with respect to the PNe 
in common with Exter et al. (2004). Inspecting the individual 
cases of PNe with rj,(N n) much larger than rf(0 m) we have 
noticed that usually this property is confirmed by data of differ- 
ent observers. 

The derived electron densities from [S ii] /I6731/6716 ratio 
for objects in common between different samples are compared 
in column 4 of Table 4. As can be seen the agreement is also 
usually good. However, for objects with weaker lines we have 
checked that the deviations are larger, especially with respect to 
the Exter et al. (2004) sample. 

The typical differences in O/H between the computations us- 
ing our data and literature data are within 0.1 dex (column 5 
of Table 4). Only comparing with data from Exter etal. (2004) 
did we find a typical difference of almost 0.2 dex. What is more 
important however, is that we noticed that using measurements 
from Exter et al. (2004) would make the observed O/H distribu- 
tion of bulge PNe much broader simply due to the lower quality 
of that data. In particular, analyzing PNe in common with our 
list of targets one finds in Exter etal. (2004) three cases with 
logO/H>9 - a value that otherwise seems a strong upper cut 
off for derived oxygen abundances of PNe in the Galactic bulge 
direction (compare with Fig. 1 1 of Gorny et al.2004 and a dis- 
cussion on possible flattening of the O/H gradient or see Fig.fTS] 
below). 

In columns 6 and 7 of Table 4 we present differences in de- 
rived N/O and S/Ar In the latter cases the uncertainties can be 
larger, particularly when the lines are extremely weak. In ad- 
dition, the S/Ar ratios of Exter et al. (2004) are systematically 
lower than what we find. 

From the results presented in this Section we can conclude 
that the quality of our data is comparable to that found in the best 
recent literature sources. On the other hand, the comparison with 
Exter et al. (2004) shows our data to be of superior quality, es- 
pecially for and O/H. This is probably due to the indirect flux 
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Table 4. Differences in dex on plasma parameters and chemical abundances adopting data from this work 
versus data taken from the literature. The number of analyzed PNe in common is given in parenthesis. 



sample^ 


A log r,(N II) 


A log r,(0 III) 


A log«f(S ii) 


A log 


:0/H 


A log 


;N/0 


A log 


S/Ar 


G 


0.01 (8) 


0.02 (8) 


0.13 (9) 


0.04 


(9) 


0.32 


(9) 


0.20 


(5) 


ECM 


0.02 (9) 


0.02 (9) 


0.29 (10) 


0.10 


(12) 


0.17 


(12) 


0.11 


(7) 


WL 


0.02 (8) 


0.01 (8) 


0.06 (8) 


0.04 


(8) 


0.18 


(8) 


0.07 


(4) 


EBW 


0.08 (10) 


0.04 (10) 


0.13 (22) 


0.19 


(20) 


0.27 


(20) 


0.15 


(10) 



" Sample G includes objects in common with original PNe observations of Gorny et al. (2004); sample ECM - 
Escudero & Costa (2001) or Escudero et al. (2004); sample WL - Wang & Liu (2007) and EBW- Exter et al. (2004). 



calibration procedure adopted by Exter et al. In addition, due to 
the apparently lower sensitivity of their observations, tempera- 
ture diagnostic lines are not available for about 40% of the PNe 
included in Exter et al. (2004), making the data unusable for 
abundance determinations. 



6. Discovery of new emission-line central stars 

6.1. Spectra of the newly discovered objects 

With our new uniform high quality spectra of 90 PNe seen in the 
direction of the Galactic bulge we were able to perform a search 
for new emission-line CSs. This was motivated by the previous 
search for such objects towards the Galactic bulge, which re- 
vealed a large number of very late type [WR] CSs (see Fig. 6 
of Gorny et al. 2004) and several new WELCSs. As mentioned 
in Section 1, this was unexpected, since no [WC 11] CSs were 
known previously in this zone. It seemed therefore that the dis- 
tribution of spectral [WC] types among objects located in the 
Galactic bulge was different from that in the Galactic disk, but 
not in the way assumed by Gorny (2001). 

In the present work we discovered a further 7 CSs with very 
late emission-line spectrcCB (hereafter called VL). With the clas- 
sical classification scheme (Hu & Bibo 1990) they would be de- 
scribed as [WC 11]. The spectra are presented in Fig.|5] Both C iii 
/15695 and C ii /17235 lines can be identified while the C iv ^5805 
feature is absent. The list of stellar emission lines we looked for 
was the same as in Gorny et al. (2004). 

As in the case of objects discovered by Gorny et al. (2004) 
the nebulae surrounding [WC 11] stars in the bulge are all of very 
low ionization with spectra dominated by the [N n] doublet and 
hydrogen Balmer series. Only for two of these PNe (H2-1 and 
H 1-9) are the central stars apparently hot enough, leading to an 
[O m] A5QQ1 intensity comparable to that of H/3. The same was 
found by Gorny et al. (2004) for M 3-17. For all the other PNe 
with [WC 11] CSs in our sample, the [O m] /15007 line (often the 
strongest nebular line in normal PNe) is either undetectable or at 
a level of a few percent of H/?. This means that there are no con- 
ditions for higher ionization potential ions in the nebula and at 
least the C iii /15695 line has to be of stellar origin. Some nebu- 
lar contribution to the recombination C ii A1235 cannot however 
be totally ruled out. The objects with the highest probability of 
such contribution are H 1-9 and Ap 1-12. It is interesting that 
other extremely low ionization PNe in the bulge do show the C ii 
recombination line (the C m bands are not observed) though in 
most cases the emission clearly comes from a spatially extended 
region and is therefore of nebular nature. 



One of them, H 1-55 should be confirmed when better spectra are 
available. 



We also identified 8 new 

WELPN43- 

According to the def- 
inition of Tylenda et al. (1993), the spectra of these objects usu- 
ally present only the C iv emission at 5805A and this feature 
is anyhow much weaker and narrower than in [WR] PNe. The 
spectra of the new WEL CSs are shown in Fig.|6l Two of these 
objects were previously inspected by Gorny et al. (2004) but no 
emission lines were detected. On the other hand none of the pre- 
viously known [WR] or WELCSs escaped identificatiorQ 

6.2. Number of objects 

With the aim of performing a statistical analysis of the popula- 
tion of PNe with emission-line CSs we combined our present 
sample with the ones of Cuisinier etal. (2000), Escudero & 
Costa (2001), Escudero et al. (2004), Gorny et al. (2004) and 
Wang & Liu (2007). These PNe can be divided into two distinct 
populations: one composed of the objects pertaining physically 
to the Galactic bulge and a second with most of the objects re- 
lated to the Galactic inner-disk. To distinguish the members of 
the first group, hereafter refeiTed to as the b subsample, we used 
the same criteria as in Gorny et al. (2004). The objects that do not 
fulfill these criteria are likely to be located in the disk (the d sub- 
sample). Since all of the latter have been chosen at small angu- 
lar distances from the center of the Galaxy, the majority of them 
probably belongs to the inner-disk population. It has been shown 
by Gorny et al. (2004) that although the abovementioned selec- 
tion criteria do not contain any reference to kinematical proper- 
ties, a clear distinction can be observed also in radial velocities 
of the members of the b and d subsamples (see Fig. 12 and 13 of 
Gorny et al. 2004). Of course, as the criteria are of a statistical 
nature, individual objects assigned to one of the groups may in 
reality belong to a different population. This can be also the case 
of some PNe with emission-line CSs as discussed in the next 
section. 

In total our b subsample consists of 180 PNe and our d sub- 
sample consists of 65 PNe. In subsample b there are 25 PNe with 
WEL CSs, 14 PNe with VL CSs and 9 [WR] PNe of earlier types 
(from now on simply refeiTed to as [WR] PNe). In the d sample 
we have 12 WEL PNe, only one confirmed PN with a VL CS and 
4 other objects with earlier type [WR] CSs. There are no other 
presently known [WR] PNe physically pertaining to the Galactic 
bulge and not included in our b sample. However, the situation is 
different with our d sample as 1 1 probable inner-disk [WR] PNe 



' ' Additional three WEL PNe pertaining to the Galactic disk can be 
identified by examination of measured lines tabulated by Wang & Liu 
(2007): M 1-20, IC4699 & IC4846. However, IC4846 has coordinates 
too far-off to be regarded an inner-disk member and was not included 
in the analyzed sample. 

The only exception is M 2-34 (PN G007. 8-03.7) which has a doubt- 
ful spectral classification and was not confirmed as [WR] type central 
star by Gorny et al. (2004) 
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Fig. 5. Spectra of the new VL PNe (very late type [WC 1 l]-like 
emission-line central stars PNe). 



Fig. 6. Spectra of the newly discovered WEL PNe (weak 
emission-line central stars PNe). 
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Fig. 7. The relation of apparent diameter and reddening cor- 
rected HjS flux for Galactic bulge planetary nebulae. Magenta 
triangles mark [WR] PNe, blue squares WEL PNe and green cir- 
cles mark VLPNe ([WCll]-like spectra). Normal PNe with 
no emission-line central stars are presented with small circles 
(lowest ionization) and small triangles (all remaining). The lines 
present model calculations for central stars of 0.57Mq (dashed 
Hnes), O.6OM0 (dotted) and O.64M0 (soHd) and ai-e labeled by 
the adopted total nebular masses of the nebula: 0.05, 0.20 and 
0.35Mo. 

not belonging to our sample are known to exist (see Table 4 of 
Gorny et al. 2004). This means that there are important selec- 
tion eff'ects one should take into account and that one should not 
compare the frequency of occurrence of [WR] PNe using only 
the PNe of our b and d subsamples. 

6.3. Selection effects 

In Fig.|2]we show the reddening corrected HjS fluxes of the PNe 
from our subsample b as a function of their apparent diameters. 
As all of the nebulae under consideration should be located at 
approximately 8.5 kpc, the distance-dependence of both param- 
eters can be ignored in this case. PNe with emission-line CSs 
are represented by large symbols. The PNe with CSs that do not 
exhibit emission lines are marked with small black symbols. We 
will refer to them as normal or other PNe throughout the rest of 
this text. 

It is striking that the [WR] PNe are among the brightest PNe 
of the subsample. Extrapolating this property of the b sample 
to other samples of PNe, we can infer that the estimated occur- 
rence frequency of [WR] PNe can be severely biased in magni- 
tude limited samples. This could explain why, in external galax- 
ies, the rate of occurrence of [WR] PNe is much higher than in 
our Galaxy (e.g. in the Sagittarius dwarf galaxy, see Zijlstra et al. 
2006). 

There are some outliers. One of them is M2-8 
(PNG 352.1 -1-05.1) a [WR] PN with logF(Hy3)o=-11.6 
and a central star classified as [WC2-3]. Its angular position is 
9.4 arcsec away from the center of Galaxy so it is very close to 
the border value of 10 arcsec usually adopted to define bulge 
objects. The physical distance from the Sun can be evaluated 



with statistical methods (see next Section) as 10.7 to 13.3 kpc. It 
is therefore not excluded that this PN is actually located behind 
the bulge region. The radial velocity V;,]^ of only 2.8 km s"' 
is also not in contradiction with the hypothesis that M 2-8 more 
likely belongs to the disk population (see Fig. 12 and 13 of 
Gorny et al. 2004) 

The other nebulae outlying their group location in Fig.|7]are 
M 1-27 (PNG356.5-02.3) and Ap 1-12 (PNG 003.3-04.6) of VL 
type. In this case both the large observed diameter and Hy6 bright- 
ness do not fit the rest of VL PNe and seem too large. The dis- 
tance estimation gives 4 to about 6 kpc for both of them - al- 
most half of what is usually adopted as a distance to the Galactic 
bulge. One could therefore suspect that in reality these PNe are 
disk objects located in the foreground of the bulge. The radial 
velocities of M 1-27 is V/jr=-53 km s"' and not in contradiction 
with the object belonging either to the disk or to the bulge sys- 
tem. In the case of Ap 1-12 the V/5,— 173 km s"' clearly indicates 
however that the PN should be kinematically associated with the 
bulge system. 

If having a high brightness nebula is a general property of 
[WR] PNe in different galactic systems it would explain why so 
many previously known [WR] PNe are missing in our d subsam- 
ple. The reason is that most of the targets included in the present 
analysis (except for observations by Cuisinier et al. 2000 and 
Wang & Liu 2007) were secured in programs deliberately con- 
centrated on obtaining spectra for the previously unobserved or 
poorly observed PNe that are intrinsically fainter. Given the fact 
that [WR] PNe are probably the brightest PNe in a given popu- 
lation, this will certainly introduce a bias in the estimated occur- 
rence frequency. In the samples limited to only the brightest PNe 
the relative number of [WR] PNe could be overestimated. In the 
case of our d subsample, on the contrary, many [WR] PNe have 
been excluded. 

Fig.|7] shows that VL PNe are generally at least a factor 
2 weaker than [WR] PNe. This is a first indication that these 
classes should be analyzed separately. The number of WEL PNe 
and that of VL PNe can easily be underestimated in samples lim- 
ited to only the brightest PNe. However in the case of our d sam- 
ple, since it is biased towards low luminosity PNe as mentioned 
above, the fraction of WEL PNe and VL PNe is expected to be 
larger than in a complete inner-disk sample. 

6.4. Rate of occurrence 

Assuming that the abovementioned selection effects are nonethe- 
less small for VL PNe we can attempt a comparison of their 
rate of occuiTence in the Galactic bulge and inner-disk. The 14 
VL PNe from the b sample represent 7.8% of the total number 
of PNe in this sample, whereas the single confirmed VL PN in 
our d sample suggests 1.5% in the inner-disk. However, if we 
consider that Ap 1-12 and/or M 1-27 are also in fact located in 
the disk rather than bulge then the difference will substantially 
diminish. Given the small absolute numbers involved, it is there- 
fore not certain that there is a statistically meaningful difference 
in the rate of occurrence of VL PNe between these two Galactic 
populations. On the other hand, the observational selection ef- 
fects do not have to work in favor of detecting relatively more 
VL PNe in the d sample (see discussion in Gorny et al. 2004). 

Analyzing the spectra of VL PNe, an easily noticeable prop- 
erty is that they are associated with PNe of very low excitation. 



All the radial velocities used in this paper have been taken from 
Durand et al. (1998) and corrected for solar motion using the formulae 
ofBeaulieu et al. (2000) 
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Eight out of fourteen VL PNe in the b sample have [O m] /i5007 
lines either not detected or fainter than 1 % of H/3. In only one 
object, Hl-9, this line is stronger than HyS. We can therefore 
check if the relatively high number of VL PNe found in the 
Galactic bulge is not related to the fact that they are associated 
with a particular population of very low-ionization PNe possi- 
bly more frequent in this region. In our b sample there are 21 
(12.1%) PNe with [O iii] A50Q1 < Hfi, whereas in the d sam- 
ple there are 5 such objects (8.5%). The relative population of 
very low-ionization PNe in both subsamples is therefore simi- 
lar. Unfortunately, again the absolute numbers are too small to 
judge if the fact that VL CSs have been found in 67% of low 
ionization PNe in the b subsample is statistically significant. An 
analysis of a much larger number of inner-disk PNe would be 
necessary to conclude if the rate of occurrence of VL PNe in the 
disk (presently derived as ~20% to ~40%) is indeed much lower 
than in the bulge. 

Finally, assuming that the selection effects are reasonably 
small also for WEL PNe, we can evaluate their rates in both sub- 
samples. There are 25 (or 14.5%) such objects in the b subsam- 
ple and 10 (16.9%) of them in d subsample. Obviously there is 
no difference in the frequency of occurrence of WEL PNe in both 
groups despite the fact that the Galactic bulge and inner disk PNe 
should originate from different stellar populations and different 
epochs of Galactic evolution. 

In conclusion, as can be seen from the above considerations, 
the answer to the question of how frequent are the different types 
of emission-line CSs remains open, until additional similarly 
large and uniform samples of deep PNe spectra are collected. 
In particular, the analysis of PNe in the Milky Way inner-disk 
should shed more light on the connection between VL PNe and 
low excitation nebulae (Gorny, in preparation). Since the number 
of low excitation PNe is relatively easy to establish (e.g. using 
existing surveys) it would help to investigate if the presence of 
the VL PNe group is characteristic only of the metallicity/age 
conditions of the bulge population. It cannot be totally excluded 
that the surprisingly large number of discoveries of VL PNe by 
Gorny et al. (2004) and this work is simply due to the fact that 
they were not expected to exist and therefore not searched for by 
surveys of other Galactic regions. 



7. Properties of the bulge PNe with emission-line 
central stars 

The aim of this section is to compare the properties of PNe with 
emission-line CSs with the "normal" ones. We will restrict our 
analysis to PNe with emission-line CSs of our b subsample, i.e. 
pertaining to the Galactic bulge. This sample is more numer- 
ous, statistically more meaningful and likely more complete and 
homogeneous than the much smaller d subsample we have col- 
lected. 



7.1. Spatial distribution 

We begin with the simplest property i.e. the spatial distribution 
on the sky in the Galactic coordinates l,b (Fig.[8]l. Because of 
the small number of objects we present the absolute values of 
the coordinates assuming a perfect point-symmetry of the bulge 
PNe distribution. It is clear from Fig. [8] that the locations of 
[WR]PNe, WEL PNe and VLPNe differ, suggesting that they 
may originate from different populations of stars. 

More than a half of bulge [WR] PNe are located at longitudes 
larger than 4.5 degrees from the Galactic center, whereas there 
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coordinates (absolute values). The meaning of the symbols is 
the same as in Fig.|7] 



are very few WEL PNe and VLPNe at such locations. From sim- 
ple geometric considerations the [WR] PNe seem therefore to 
form the most external system and it would be tempting to con- 
sider the [WR] PNe as members of the inner disk population and 
not physically pertaining to the bulge. Indeed, the object with 
the largest angular separation from the center is M2-8, already 
suspected to belong to the Galactic disk based on its relatively 
low HyS flux and low radial velocity. The other [WR] PNe seem 
however not in contradiction in this respect with their bulge as- 
sociation. On the other hand, the distances of [WR] PNe derived 
with the Shklovsky statistical method suggest they could be lo- 
cated at 4.3 kpc i.e. only half-way to the bulge. We strongly ar- 
gue however (see the next Section) that these distances are not 
reliable because the common assumptions, e.g. on the typical 
nebular mass, are not met by [WR] PNe. 

Most of the bulge [WR] CSs fall within the range [WC4] - 
[WC6] of spectral classes that are uncommon among the disk 
[WR] PNe (see e.g. Fig. 1 of Gorny 2001). It is a particular fea- 
ture of this group, and it seems very unlikely that these objects 
would be Galactic disk members only by chance located in the 
direction of Galactic bulge. Nonetheless, the spectral type can- 
not be used as a parameter discriminating [WR] PNe pertaining 
to the bulge from those in the Galactic inner-disk. In the latter 
system there are also four objects with similar [WC] type (see 
Table 1 of Gorny et al. 2004). Interestingly, the Shklovksy dis- 
tances of these objects are, as should be expected, convincingly 
smaller than the bulge [WR] PNe distances mentioned above. 

For the VL PNe in Fig.[8]the distribution is completely differ- 
ent. They are practically all within 4.5 degrees from the Galactic 
center with the exception of H 1-65 PNeo It can be noticed also 
in Fig. |8] that the low ionization PNe not classified as VLPNe 
(small open circles) are not distributed like the VL PNe but rather 
like the [WR] PNe. 



" Note that H 1-65 has been classified as WELPN by Acker & 
Neiner (2003) nonetheless our spectrum in Fig.[5]clearly shows the C m 
emission at 5695A and the absence of C iv 5805A that is present in other 
WEL PNe. 
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WEL PNe show a distribution similar to that of VL PNe, sug- 
gesting that both groups can be physically closer to the center of 
the Milky Way and originate from a different stellar population 
or epoch of the bulge history than the [WR] PNe. 

7.2. Masses of the nebulae 

Figure |9]pi"esents the nebular diameter as a function of electron 
density for the b sample PNe. The solid line shown in this plot 
is a linear fit to the distribution of normal PNe. As can be seen, 
most PNe with emission-line CSs, irrespective of the particular 
spectral type, are located to the right of this line. This means 
that the ionized matter in these nebulae is denser than in the av- 
erage PNe. If all the nebulae would be uniformly filled with gas 
and ionized at the same percentage of their volume that would 
also mean that the nebulae around emission-line CSs are more 
massive. 

The hypothesis that the nebulae around [WR] CSs are more 
massive than the normal PNe was proposed by Gorny (1996) 
as a result of the analysis of statistical distances to these ob- 
jects. Taking the average distance calculated with the Shklovsky 
method it was suggested that the [WR] PNe are closer by a factor 
of 2 to the observer than the other Galactic PNe. As that inves- 
tigation concerned 350 PNe with known types of the central star 
(appropriate spectroscopic observations available) there seemed 
to be no observational selection effect responsible for this be- 
havior nor physical reason why [WR] PNe should be closer to 
the Sun. Gorny (1996) concluded that the apparent difference 
can be explained if the nebulae around [WR] CSs are almost 5 
times more massive than the typical nebula or/and if their filling 
factor parameters are considerably lower. The second possibility 
is quite likely as the morphological images of [WR] PNe reveal a 
larger number of sub-structures (Gorny 2001) while their expan- 
sion velocity profiles are characterized by large scale turbulence 
component sometimes found also in WEL PNe but seldom in 
normal PNe (Gesicki et al. 2006). 
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Fig. 10. Distances derived with the Shklovsky method vs. 
method of Barlow (1987) for different types of bulge PNe. The 
meaning of the symbols is the same as in Fig.|7]and Fig.|9l 



Here, we will adopt a similar reasoning to that of Gorny 
(1996). Using distances derived with statistical methods is 
equivalent to assuming that all the nebulae can be represented 
by a simple model of hydrogen gas occupying uniformly a 
sphere with a certain filling factor (like in the Shklovsky dis- 
tance method) or that this gas has a constant density equal to 
that derived from spectroscopic observations (as in the distance 
method proposed by Barlow 1987). The mass of the gas is as- 
sumed to be the same for all objects. Since we are dealing with 
Galactic bulge PNe, if the model assumptions are correct and 
hold for all nebulae then using either method the derived aver- 
age distance for each subsample should be the same. We assume 
a Galactic bulge distance of 8.5 kpc from the Sun. 

Starting with the method proposed by Barlow (1987), mak- 
ing the common assumption that the typical ionized mass of the 
nebula is O.2M0 and taking the densities as derived from our ob- 
servations of [S ii] /16731/6716 lines one obtains a distance scale 
that is too long for the normal PNe with non emission-line CSs. 
The adopted Galactic bulge distance would be obtained if the 
mass of the average nebula assumed in the model is 0.13M(rF^ 
If we now use the Shklovsky method to derive the same distance 
adopting the ionized nebular mass of 0.1 3M0 it is necessary to 
assume also that the average filling factor is e=0.75. 

The distances for all the Galactic bulge PNe of our b sam- 
ple computed using both methods with the abovementioned as- 
sumptions on nebular parameters are plotted in Fig. [10] One can 
see in this plot that the distances of [WR] PNe calculated with 
such a nebular model are too short compared to the adopted 
bulge distance (arrow), meaning that their true ionized masses 
must be larger. The only [WR] PN with a distance exceeding 
8.5kpc is M2-8, declared before as a probable background ob- 
ject not truly associated with the bulge. On the other hand the 
distances to VL PNe are generally too large, again except for 
M 1-17 and Ap 1-12 already suspected rather to be foreground 



The typical nebular mass would be ~0.19Mq if we consider only 
33 normal PNe with CSs hotter than log Ty,>4.5 assuming such nebulae 
are density bounded. 
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disk objects based on their large relative brightness. Excluding 
these two nebulae to obtain a mean distance of 8.5 kpc for VL 
PNe, their average filling factor should be closer to e=0.5 and 
their ionized masses as small as M,o„=0.05Mq. Taking into ac- 
count that VL PNe are very low ionization nebulae, they can be 
only partially ionized and in that case their total nebular mass 
could be larger (but see the discussion on evolutionary status be- 
low). For the 5 [WR] PNe in Fig. [10] with short distances one 
obtains M,o„=0.34Mo. As far as the WELPNe are concerned 
they do not seem to distinguish themselves from the normal 
PNe in Fig. [10] Finally, because the derivation of typical ionized 
masses or the filling factor by reversing statistical distance meth- 
ods is very uncertain, the quoted numbers should be regarded as 
a rough estimate giving only an indication of the scale of possi- 
ble differences between different groups of PNe. 

As already discussed, in Fig.|7]one can compare the locations 
of the sample b PNe in the diameter versus flux F(HjS)o plane 
with a set of theoretical tracks. These tracks have been calcu- 
lated assuming that the central star is radiating like a black-body 
and evolving according to the Blocker (1995) models. Three dif- 
ferent stellar masses are shown: O.57M0 (long dashed lines), 
O.6M0 (dotted) and O.64M0 (solid). The model of the suiTound- 
ing nebula was a simple constant-density sphere uniformly filled 
with gas and expanding with a constant velocity. Such simple 
PNe models are not realistic as e.g. they do not take into account 
the interaction between the stellar winds and the nebula. They 
are however sufficient for our illustrative purposes. Three dififer- 
ent sets of models are presented in the plot for each stellar mass 
assuming a total nebular mass of M„ci,=Q.05, 0.20 and 0.35Mq 
(see labels). The adopted expansion velocity was set to 20km/s 
and the filling factor e=0.75 in all the cases. 

The model calculations presented in Fig. [7] indicate what 
kinds of nebulae can produce the bright [WR] PNe. They can- 
not be directly compared as the [WR] CSs are helium-burning 
objects whereas the presented models are based on evolution- 
ary tracks of hydrogen-burning stars. It can be deduced however 
that more massive nebulae can easily be the brightest objects in 
a given population even if they surround intermediate mass CSs. 
The high-mass stars (M,>O.64M0) cannot produce objects like 
bulge [WR] PNe because they evolve too quickly. The time-scale 
of their evolution would have to be slowed-down considerably 
compared with what the stellar Blocker (1995) models predict. 
This is however not very likely, knowing that the [WR] CSs have 
high mass loss. Intensive mass loss will rather speed up the evo- 
lution bringing the star faster to high temperatures due to the 
stripping of the external layers of the staf^ 

Concerning the WELPNe it is not certain (as for most of 
flie normal nebulae as well) if their CSs are powered by burn- 
ing helium or hydrogen. From their locations in Fig.|7]it may be 
suspected they represent a diversity of possible parameter com- 
binations and can have CSs of different masses and/or very dif- 
ferent nebulae. The VL PNe on the other hand are probably more 
uniform and more obviously distinct from [WR] PNe. 



7.3. Evolutionary status 

Figure [TT] presents the locations of sample b PNe (open sym- 
bols) in the Snp versus Sy plot, Sh^ being the nebular Hfi sur- 
face brightness and Si/ a similarly defined parameter based on 
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Compare with Gorny et al. (1994) to see how an enhanced mass- 
loss is reflected in evolutionary diagrams for H-buming central stars or 
Gorny & Tylenda (2000) for He-burning models. 



-2 -4 -6 -8 -10 
log [erg cm"^ s"^ sr^^] 

Fig. 11. Surface brightness Snp versus Sy for dififerent types of 
bulge and inner-disk PNe. The bulge PNe are marked with large 
open symbols: magenta triangles - [WR] PNe, blue squares - 
WELPNe, green circles - VLPNe ([WC 1 l]-like spectra). Large 
filled symbols of the equivalent shape mark inner-disk WEL and 
[WR] PNe. Small symbols mark normal bulge PNe with the no- 
tation as in Fig. [7] The lines present model calculations for cen- 
tral stars of 0.57, 0.60 and O.64M0 adopting a simple nebular 
model with M„rf,=O.2OM0, e=0.75 and Vexp=20km/s. 

the stellar flux in the visual V band and on the nebular diameter 
(Gorny etal. 1997): 

Sy = Fy/{7T(f). 

This parameter is very useful for distinguishing stars at differ- 
ent stages of post-AGB evolution. Both Snp and Sy have the 
advantage of being distance independent therefore we can also 
plot in Fig.[TI]the locations of [WR]PNe and WELPNe from 
our subsample d (filled symbols). The evolutionary tracks have 
been calculated with a simple model of normal bulge PNe with 
M„(./,=O.2OM0, filling factor e=0.75 and expansion V„p=20km/s 
for central stars of 0.57, 0.60 and 0.64Mo evolving in agreement 
with Blocker (1995) models. 

It is seen in Fig.[TT] that the locations of [WR] PNe and 
VL PNe are clearly separated. The VL PNe seem to be originat- 
ing from stars of lower masses than the [WR] (but again the exact 
values of plotted parameters depend on selected nebular model 
and details of central star evolution - see Gorny & Tylenda 2000 
for some examples). The lines presenting model calculations al- 
low us to follow the typical evolution of a PN and its central 
star that is going from young high surface brightness objects to 
old, dispersed and low surface brightness nebulae. None of them 
links regions occupied by the VL and [WR] PNe. The VL PNe 
locations in this frame form a very narrow strip suggesting that 
the masses of their CSs may be very similar and that one can 
in fact observe an evolutionary sequence within this group. The 
direction of their evolution would be in agreement with model 
predictions but clearly not towards [WR] PNe. 

There seems to be only one VL object in the present b sub- 
sample that could evolve into a [WR]-type star: H 1-9. Its loca- 
tion in Fig.[TT]is close to the position of the long-known, unusual 
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Fig. 12. Ionization level of different types of bulge PNe as 
indicated by the relative abundance of O^^ ions versus rela- 
tive abundance of He^^ ions. [WR] PNe are marked with ma- 
genta triangles, WEL PNe blue squai-es and VLPNe ([WC 11]- 
like spectra) with green circles. Normal PNe are marked with 
diamonds: black mark objects with high level of ionization 
(O^VO^-i-O^^>0.8), grey mark remaining objects. Open sym- 
bols indicate PNe with lines from relevant ions below the detec- 
tion limit. 



very late type object SwSt 1 and other Galactic disk [WCl 1] or 
[WCIO] central stars (see e.g. Fig. 5 of Gorny 2001 for com- 
parison). As can be learned from Fig.|7] H 1-9 is possibly the 
brightest true bulge VL PN in our sample and at the same time 
an object with the smallest observed diameter in this group. In 
fact, the known disk [WCl 1] PNe are characterized by small an- 
gular diameters, with the clear exception of K2-16 and possibly 
PMl-188 - see Gorny & Tylenda (2000) and Pena (2005). It is 
interesting that the location of the inner-disk VL object H2-1 is 
also rather close to the abovementioned region in Fig.[IT| It is 
noteworthy that the locations of the other inner-disk-suspected 
M 1-27 and Ap 1-12 are within the bulk of the region occupied 
by VL PNe in this plane (not marked). 

One can also notice in Fig.[TT] that the positions occupied 
by the VLPNe are clearly separated from regions where the 
WEL PNe are found (compared to Fig. [T] with a significant num- 
ber of VLPNe and WEL PNe sharing similar locations). It can 
therefore be argued that although VL PNe have central stars of 
lower temperatures they probably form a separate class of ob- 
jects and will evolve neither into [WR] PNe nor WEL PNe. 

7.4. Nebular properties 

In this section the general properties of PNe surrounding 
emission-line and non-emission line CSs in the Galactic bulge 
will be presented. We start with the detected level of ioniza- 
tion of the nebular gas. For this purpose in Fig. [12] we present 
the ionic ratio 0++/0+-I-0++ versus He+VHe+-i-He++ for all 
PNe from our b sample. As can be noticed, if judged only 
by the relative numbers of doubly to singly ionized oxygen 
atoms the WEL PNe would appear among the PNe of highest 



ionization with almost all of them having O^^/O^-i-O^^>0.85. 
Surprisingly, on the other hand only a few WEL PNe have any 
significant amounts of doubly ionized helium and, on average, 
the He^^/He^H-He^^ ratio is lower than in normal PNe. This 
could be due to a difference in the spectral energy distribution 
of the ionizing radiation field between WEL CSs and normal 
CSs i.e. those without enhanced mass loss. It has to be noted 
that this is not only an interesting fact distinguishing the CSs. It 
can have some important consequences e.g. for the determina- 
tion of chemical abundances since in many cases the use of ICFs 
is necessary to correct for unobserved ionization stages. The as- 
sumption that ionizing radiation fields of the CSs are similar is 
important, but as can be seen clearly not totally justified in this 
case. 

For [WR] PNe the interpretation of Fig. [12] is more difficult 
since in the spectra of these objects one may expect also the pres- 
ence of stellar recombination lines of helium. This is a conse- 
quence of the strong winds from these stars and adds additional 
uncertainty to the interpretation. Nevertheless, in two out of nine 
bulge [WR] PNe in our sample a measurable nebular He^^ line 
has undoubtedly been identified. This is a comparable ratio to 
what we noticed for WEL PNe and in agreement with the fact 
that e.g. judging from their positions in Fig.[TT]the range of tem- 
peratures of their CSs and their present phase in the evolution of 
the nebula should on average be quite similar for the two groups. 

In Fig. [9] we presented the derived electron densities of the 
observed nebulae. It was quite apparent from that figure that tak- 
ing nebulae of a given nebular diameter (that can be regarded as 
an indicator of evolutionary advancement) all the nebulae with 
emission-line CSs seemed to be denser than their normal coun- 
terparts. 

Another important parameter of the plasma - electron tem- 
peratures are presented in Fig. [13] It displays the distributions 
of Te(N ii) and T^iO iii) temperatures derived respectively from 
[N ii] lines and from [O iii] line ratios for all the four groups 
of the b sample PNe. The inspection of histograms in the right 
panel reveals that in the case of [WR] PNe and WEL PNe the 
distributions of 7^(0 iii) temperature differ from what is de- 
rived for normal PNe. There seem to be more objects with lower 
temperatures in the former two groups. For the WEL PNe the 
Kolmogorov-Smirnov and Wilcoxon nonparametric tests con- 
firm that this difference is statistically significant while in the 
case of [WR] PNe it may still be a result of random effects due 
to the small number of objects in the sample. 

In Fig. [13] (left panel) it can be seen that the T^iN ii) of 
VLPNe tend to be substantially lower than for other PNe. The 
median value of log Ti,{N ii) is 3.83 for VLPNe as compared to 
4.02 for the normal PNe. On the other hand, the Te(N ii) temper- 
atures of [WR] PNe and WEL PNe show near perfect similarity 
to the distribution of the normal PNe. 

Figure[T4]compares ^^(N ii) and (O iii) for PNe where both 
electron temperatures could be derived. In general we see from 
this plot that both values are relatively well correlated as could be 
expected from the similarity of histograms in the bottom left and 
right panel of Fig. [14] Despite that, there is a tendency for higher 
Ti,{N ii) with respect to Ti,{0 iii) values for PNe with higher lev- 
els of oxygen ionization (black diamonds, O^^/O^+O^^>0.8 - 
see Fig.[T2li. The WEL PNe show similarity with this group as 
practically all plotted objects display Tg(N ii)>Te{0 iii). For the 
[WR] PNe the situation is not clear as most of them seem to be 
located much closer to the one-to-one relation plotted with the 
dotted line in Fig. [14] 

In the case of VL PNe the TdO iii) is available for only 
one PN as due to their extremely low ionization the oxygen 
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Fig. 13. Distributions of electron temperatures derived from [N ii] /15755/6584 (left) and [O iii] /14363/5007 (right) line ratios for 
Galactic bulge VL (i.e. [WC ll]-like), [WR], WEL and normal PNe - green, magenta, blue and grey histograms from top to bottom. 
The shaded bars in each histogram represent the best quality determinations. (Objects with errors >0.3 dex are not included.) The 
median values, the 25 and 75 percentiles are marked with three short vertical lines above each histogram. Total numbers of objects 
used are shown in the right-hand parts of the panels below sample names. 
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Fig. 14. The electron temperature derived from [O iii] 
/14363/5007 versus the electron temperature derived from [N ii] 
/15755/6584 line ratios for Galactic bulge [WR] PNe (magenta 
triangles), WEL PNe (blue squares) and normal PNe (diamond, 
high ionization - black and low ionization - grey, defined as for 
Fig.fTSIi. Filled symbols mark data of best quality with derived 
errors below the median error of PNe in the combined bulge 
sample (indicated with error-bars cross). 



values of Tg(N ii) are a general tendency of low ionization 
PNe. Nonetheless, the distributions observed in the left panel 
of Fig.[T3]clearly demonstrate that Tt,{N ii) temperatures of VL 
PNe are lower than in any other group of bulge PNe. 



7.5. Chemical abundances 
7.5.1. The 0/H ratio 

In Fig. [15] we present the histograms of the oxygen abundance. 
This element is believed to be generally unmodified during the 
life of intermediate mass stars, reflecting the primordial compo- 
sition of the matter from which the star was born (see Stasihska 
2007, Chiappini et al. 2009). The four histograms present the 
distributions for the normal, [WR], WEL and VL PNe subsam- 
ples analyzed here. The hatched parts of histograms represent 
the component of the distribution derived from the data of best 
quality - the individual errors are smaller than the median of er- 
rors of a given parameter in the b subsample (i.e. non-emission 
and the emission-line central star PNe combined). The remain- 
ing objects have errors not larger that 0.3 dex as results with 
larger uncertainties have been rejected. An exception has been 
made in the case of the distribution of VL PNe (dashed line, top 
panel of Fig.fTSll where we have used all the available data re- 
gardless of this condition. 

The oxygen abundances of VL PNe seem lower than in any 
other group ofPNiO One can raise the question of whether the 
extreme low ionization of these objects does not contribute to 
this fact as some atoms may remain neutral and unobserved. In 
Fig-US] one can see that other nebulae with equally low oxygen 



is only singly ionized or lines are too faint to be measured. 
The locations of grey symbols in Fig.[T4]indicate that the lower 



" Due to the small number of objects the difference cannot be con- 
firmed by Kolmogorov-Smirnov and Wilcoxon nonparametric tests to 
be statistically significant. 
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Fig. 15. Distributions of O/H abundance ratio for Galactic bulge 
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Fig. 17. Distributions of N/0 abundance ratio for Galactic bulge 



^^^.^f ([WC ll]-like spectra), [WR]PNe, WELPNe and nor- ^^PNe, [WR]PNe, WELPNe and normal PNe. The 



mal PNe. The same notation as in Fig. [13] except for the dashed 
histogram of VL PNe that presents the distribution including all 
available data while the solid line histogram marks the part de- 
rived with data of satisfactory quality (errors <0.3 dex). 



same no- 



tation as in Fig.fTSI 

ICF=((He+ -I- He2+) / He+) 2/3. 



ionization level (O^VO^-i-O^^<0.35) apparently have higher 
O/H ratios than VL PNe. This comparison suffers however from 
the large errors of the derived O/H ratio for these objects. 

The O/H abundance in [WR] PNe and WELPNe also ap- 
pears different from normal nebulae. There are hardly any ob- 
jects with log 0/H>9 in either group but the median O/H values 
are approximately 0.1 dex larger for [WR] PNe and WELPNe. 
The difference is small and in reality not confirmed by nonpara- 
metric tests. However, the statistically confirmed fact that the 
TeiO III) temperatures are lower in [WR] PNe and WEL PNe (see 
above) is in accordance with a higher oxygen abundance in these 
objects as it could lead to more efficient cooling of the nebular 
plasma. 

Nonetheless, there are some possible systematic elfects that 
have to be considered. From Fig.[T6]it seems evident that a com- 
parison limited only to the PNe with O^VO^+O^^>0.9 would 
leave no doubt that the derived O/H ratios for WELPNe are 
higher than for the normal PNe (note their locations above the 
dashed line marking the median value). One has to be aware 
though of the effects brought in by the use of ICFs. For the O/H 
ratio the ICE should correct for the possible presence of ions 
more charged than O^^ and has the form: 



For the WELPNe, as well as for the [WR] PNe, due to the 
fact that there is very little or no He^^ detected, the ICF will be 
close to or equal to 1. This means that no correction is neces- 
sary as lines of all oxygen ions are accessible in optical spectra. 
For the other nebulae however any systematic error in the form 
of ICF applied will have a direct impact on the derived O abun- 
dance and therefore on the conclusions we infer about possible 
differences between normal PNe and subtypes with emission- 
line CSs. 

An additional factor that may add some uncertainty is the 
already mentioned (Section 4) problem of a difference between 
O^ abundances derived from [O ii] /i3727 and [O ii] /17325. For 
the total oxygen abundance in WEL PNe this problem may be 
ignored as most of the oxygen is in the form of doubly ionized 
O^^. But for the PNe with lower ionization it is important espe- 
cially if the electron temperatures are low presenting favorable 
conditions for a significant contribution from recombination. 

7.5.2. The N/0 and He/H abundance ratios 

In Fig. [IT] the distributions of logN/O for the four subsamples 
of bulge PNe are presented. The nonparametric tests do not in- 
dicate strong, statistically significant dilferences between them. 
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Fig. 16. The relation of O/H abundance ratio with ionization parameter O^^/O^+O^^ for Galactic bulge PNe. Different symbols 
mark: [WR] PNe - magenta triangles; WEL PNe - blue squares; VL PNe ([WC ll]-like spectra) - green circles; normal PNe - black 
or grey diamonds. Filled symbols mark objects with best quality data. Objects with derived O/H quality beyond adopted rejection 
limit (errors>0.3dex) are represented with open thin-line symbols. Red dashed lines mark the median O/H values for normal PNe 
divided into four bins of 0++/0++0++ pai-ameter: <0.35; 0.35-0.7; 0.7-0.9 and >0.9. (Note, three low-metalhcity PNe fall below 
the presented range of O/H - see Section 7.5.4 and Fig. [21] available on-hne.) 
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Fig. 18. Distribution of He/H abundance ratio for Galactic bulge 
[WR], WEL and normal PNe. The same notation as in Fig.[T3] 
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Fig. 19. N/O versus He/H for Galactic bulge [WR], WEL and 
normal PNe. The same notation of symbols as in Fig. [14] Lines 
are fits obtained by using WEL (short-dashed) and normal PNe 
(long-dashed) for objects with logN/0>-l and He/H above 
Solar. 



The derived median N/O value for WEL PNe is smaller than for 
normal PNe but the distributions have similar width and range. 
It should be noted also that this abundance ratio is derived as- 
suming N/0=N^/0^, therefore the uncertainty in the O^ could 
directly influence the nitrogen abundances. 

Figure[T8]presents the distributions of the He/H ratio. In re- 
ality the computed He abundances do not take into account the 
possible presence of neutral helium. For this reason, the He/H 



abundance ratios for objects with O^^/O^-i-O^^<0.4 have been 
excluded from further considerations as being significantly un- 
derestimated. All VL PNe fall into this category and are there- 
fore absent in Fig.fTSl 

Applying nonparametric tests one finds out that the dis- 
tributions presented in Fig. [18] are not distinguishable in a 
statistically meaningful way. It can be noticed however that 
neither the [WR] PNe (but the overall number of objects is 
small) nor the WEL PNe have helium abundances higher than 
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log He/H+ 12=1 1.2 whereas for almost l/3rd of the normal PNe 
the helium abundances have been found to be higher than this 
value. This is surprising, since [WR] CSs have very strong He- 
rich winds, and one would expect this to be reflected in the neb- 
ulae. 

Both helium and nitrogen are expected to be produced in 
more massive progenitors of PNe. In Fig. [19] we present a re- 
lation of the abundances of both elements for [WR], WEL and 
normal PNe. For the latter two groups we also plot a linear fit 
to the locations of objects with logN/0>-l (but rejecting PNe 
with presumably underestimated log He/H-H 12< 10.93, i.e. below 
solar). As can be noticed for WEL PNe there is a tight corre- 
lation of He and N enrichment in the parent star (dotted line). 
Surprisingly, though the dispersion of points is much larger, an 
almost identical correlation is derived for the normal PNe. The 
[WR] PNe also seem to follow a similar relation as the WEL 
PNe although the number of nebulae is too small to derive firm 
conclusions. 

7.5.3. Abundances of other elements 

Figure |20] presents the distributions of neon, argon, sulfur and 
chlorine abundances for the Galactic bulge [WR], WEL and nor- 
mal PNe. The VL PNe have been omitted because of their very 
low ionization, which leads to uncertain abundances as the ICFs 
used are not applicable. To minimize ICF related effects for other 
types of objects only nebulae with O+^/O^+O^^>0.4 have been 
used to derive the distributions of Ne, Ar and S abundances and 
objects with O+VO++O++>0.8 in the case of CI abundanc^l 

The sample of Galactic bulge [WR] PNe again does not seem 
numerous enough to draw firm conclusions concerning the in- 
vestigated abundances. The ranges of all four abundance ratios 
would suggest similarity with normal PNe. On the other hand, 
the derived median S/H and Ar/H abundances are approximately 
0.3 dex larger for [WR] PNe. While the median log Ar/H=6.61 
for [WR] PNe there are only 14% of normal PNe with that argon 
abundance. The same holds for sulfur with median log S/H=7. 10 
for [WR] PNe and only 17% of normal PNe lie above this abun- 
dance. The nonparametric tests do not allow to reject also the 
hypothesis that the distributions of abundances of [WR] and nor- 
mal PNe are identical. 

In the case of the WEL PNe there seems to be even less doubt 
that there are no major differences in distributions of Ar/H and 
S/H compared to the normal PNe. If there is possibly any dif- 
ference in abundances it seems the largest in the case of neon 
as the median log Ne/H is 0. 15 dex larger than for normal PNe. 
The difference would be more pronounced if the WEL PNe were 
compared with the normal PNe of O+VO^+O++>0.8 onl>[3 A 
similar situation holds for the distribution of Cl/H with a derived 
median abundance for WEL PNe larger by 0.36 dex and higher 
total proportion of WEL PNe with derived chlorine abundance 
(50%) than for normal PNe (25%). But even in this case there 
remains a 5% probability that the difference in Cl/H is purely of 
random statistical origin. 

In Fig.|23] the relations between oxygen abundance and 
the abundances of neon and argon are presented for the three 
PNe subsamples. For the WEL and normal PNe we also over- 
plot the lines of fitted correlations between element abun- 



Fi gure s 1271 and [22l available on-line present the relations of impor- 
tant abundance ratios of all the bulge PNe as a function of 0^^/0^+0^*( 
and He++/He++He^^) and can be analyzed for effects of imperfect ICF 
correction. 
" see upper-right panel of Fig.l21l 



dances (dotted and dashed respectively) derived for objects with 
logO/HH-12>8. 

Inspection of the left panel of Fig. |23] suggests that the same 
tight relation between derived O and Ne abundances holds for 
WEL and normal PNe. A closer analysis reveals, though, the 
akeady mentioned fact that the neon abundances of the WEL 
PNe better match the values derived for normal PNe with in- 
termediate levels of oxygen ionization (grey symbols) than the 
highly ionized PNe (black symbols). The slightly higher oxygen 
abundance of WEL PNe is therefore apparently compensated by 
an equally increased neon abundance preserving the relation be- 
tween the two elements at practically the same level for both 
WEL and normal PNe. 

A different situation can be observed in the right panel of 
Fig.|23]presenting the relation between O and Ar. The two corre- 
lation lines have the same slope but are shifted by approximately 
0. 1 dex reflecting the difference in average oxygen abundance 
between the WEL and normal PNe samples. In other words, if 
the difference in oxygen abundances is real and not introduced 
by the method (see discussion above), then the enhanced O abun- 
dance in WEL PNe is apparently not accompanied by an increase 
in nebular Ar. 

7.5.4. Objects with peculiar abundances 

In Figures [19] and [23] one can notice three PNe with emission- 
line CSs distinguished by their low metallicity: MaC 1-10, M2- 
39 and Th3-12. 

The main reason for deriving low O/H ratio in these 
PNe is the unusually high electron temperature of the nebu- 
lar plasma. For the two peculiar WEL PNe we determined: 
TJO iii)=26950K and Te(N n)=26470K for Th3-12, and 
r,(0 iii)=26 960K and r,(N ii)=10270K for M2-39. For both 
nebulae we have two independent spectroscopic observations by 
different observers confirming that the derived values are not due 
to incidental errors. 

In the case of MaC 1-10 - the [WR] PN wifli peculiar neb- 
ular composition - Te(OIII)=25 870 K while ^^(NII) cannot be 
derived as the [N ii] /15755/6584 ratio 0.11 exceeds the usable 
range. These values are based on a single spectroscopic observa- 
tion in a set of sources we use in this paper. It finds however con- 
firmation in recently published lower quality spectra by Suarez 
et al. (2006). 

Nonetheless, the MaC 1-10 nebula is exceptional for other 
reasons. The [WC 8] spectral class of its central star makes it 
different from the rest of bulge [WR] PNe and resembling more 
the [WR] type nuclei known in the Galactic disk. Neither the 
distance nor radial velocity is available for this object to judge 
wether MaC 1-10 indeed belongs to the disk population. The 
total nebular H/3 or radio flux are also unknown and the phys- 
ical relation of this nebula to the Galactic bulge was inferred 
from its apparent location and diameter well below the 20" limit 
(MacConnell 1978). From the recent image published by Suarez 
et al. (2006) it looks as the nebula is of clearly bipolar mor- 
phology with the maximum extension measured as 15x46"- that 
makes the latter argument questionable. To add to the mystery of 
the chemical composition and origin of this PN, in a recent sur- 
vey a H2O maser emission was discovered by Suarez et al. (2007) 
in the direction of MaC 1-10. 

The oxygen ionization level of MaC 1-10 measured by the 
O^^/O^-hO^^ ratio is only marginally above 0.4. We have chosen 
this value (see above) as a minimum for the derived abundances 
to be accepted and not seriously biased by the ICFs used. It is 
not excluded though that the form of the ICFs adopted could add 
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Fig. 20. Distributions of neon, argon, sulfur and chlorine abundance for Galactic bulge [WR], WEL and normal PNe. The same 
notation as in Fig. [13] 



some additional contribution to the apparent under-abundance 
of MaC 1-10 in oxygen and other elements. However, we can 
compare this nebula to PNe with a similar level of excitation (see 
Fig.lSTb and therefore similar ICF factors. It is then evident that 
the ratios He/H, O/H, N/H, Ar/H and S/H derived for MaC 1- 
10 are the lowest among them. On the other hand, abundance 
ratios N/O, Ar/0 and S/0 are all larger than average in this group 
suggesting that oxygen is the most depleted element in MaC 1- 
10. 

In the left panel of Fig.|23]presenting Ne/H abundance ratios 
as a function of O/H another two [WR] PNe stand out with their 



noticeably low neon abundances. Combined with their oxygen 
abundance slightly above average makes the Ne/O ratios of these 
objects unusually low. One of these PNe is M 1-25 reported for 
that property by Pena etal. (2001). The other object is M2-20 
sharing with the former also a similar [WC5-6] spectral type. 

8. Discussion and conclusions 

We have presented a homogeneous set of spectroscopic mea- 
surements for a sample of 90 PNe located in the direction of 
the Galactic bulge secured with 4-meter telescopes. For about 
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a half of these objects, plasma parameters and chemical abun- 
dances have been derived for the first time. We have discussed 
the accuracy of the data based on internal tests of reliability and 
on comparison with other recently published samples. We con- 
clude that our data is superior in quality to the data presented 
by Exter et al. (2004) and is comparable to Wang & Liu (2007) 
and Gorny et al. (2004). We have therefore merged our obser- 
vations with the latter two sources into a large common sample 
comprising 245 Galactic bulge and inner-disk PNe. 

Using the new spectroscopic material, we performed a search 
for emission-line CSs. We have discovered 8 new WEL CSs and 
7 PNe with very late (VL) emission-line CSs. The latter ob- 
jects are associated with PNe of extremely low ionization level. 
Despite the surprisingly large number of objects discovered, it is 
not certain if the relative populations of WEL and VL PNe are 
different in the bulge as compared to the inner-disk region of the 
Galaxy. A similar extensive search for these types of objects in 
other regions of the Milky Way would be desirable to draw firm 
conclusions. 

Analyzing the spatial distribution of WEL, VL and classic 
[WR] PNe belonging to the bulge we have discovered that there 
is a clear distinction between the three groups in Galactic co- 
ordinates. WEL and VL PNe are typically found at longitudes 
below 4?5 from the center of the Milky Way whereas [WR] PNe 
are located further away. 

The properties of PNe surrounding emission-line stars have 
also been analyzed. We have found the electron densities de- 
rived for these objects to be larger than that of normal PNe. 
There seems also to be a difference in electron temperatures 
with r,(0 m) of WEL PNe and [WR] PNe lower by 0.1 dex 
on average than in normal PNe. The ^(.(N ii) derived for VL 
PNe also differs from normal PNe as their average tempera- 
ture is of 6.760 K only. The fact that the 7^(0 iii) can be lower 
for [ WR] PNe and WEL PNe as compared to normal PNe has 
been noticed recently by Girard et al. (2007). The distribution of 
electron densities of disk [WR] PNe have seemed so far indis- 
tinguishable from their normal counterparts (Gorny & Tylenda 
2000, Gorny 2001). 



[WR] PNe appear peculiar also by the fact that they are 
among the brightest in the bulge. This explains why we were 
not successful in discovering any new classic [WR] PNe in our 
enlarged sample, which consists mainly of fainter PNe. On the 
other hand the same property can lead to strong overestimation 
of the [WR] PNe rate of occurrence in magnitude limited sam- 
ples of PNe, e.g. in other galaxies. The large luminosities of 
bulge [WR] PNe are likely due to the fact that their nebulae are 
more massive than the average normal PNe. This can have im- 
portant evolutionary implications. 

The matter later ionized in the form of a planetary nebula is 
ejected during late AGB stages of evolution. The higher masses 
of [WR] PNe would directly point to that stage of evolution as 
a period when the triggering mechanism of a change from a 
normal intermediate-mass star into a future hydrogen-depleted 
[WR]-type nucleus has started. It therefore favors the hypothesis 
of a direct origin of [WR] PNe from the AGB (either as a single 
star or from a binary system) as opposied to a very late thermal 
pulse scenario (VLTP) - see also Gorny & Tylenda (2000). In the 
first case, the creation of a more massive nebula and transforma- 
tion of the surface chemical composition of the star can naturally 
work together. In the VLTP case, on the contrary, there is no pos- 
sibility of increasing the mass of the nebula considerably. 

Investigating the present evolutionary state of the central 
stars and surrounding nebulae we have found additional evi- 
dence that the WEL PNe, VLPNe and [WR] PNe form three 
evolutionary unconnected manifestations of enhanced mass loss 
phenomenon from PNe central stars. With the help of compar- 
ison with simple model calculations one can deduce from their 
locations in evolutionary diagrams that the three groups differ 
in at least one important property: the mass of the central star 
(closely related to mass/age of the progenitor) or the mass of the 
surrounding nebula. Both factors may be working at the same 
time. From our study, it seems that the VL PNe will not evolve 
into intermediate-type [WR] PNe. In fact, although the VL cen- 
tral stars satisfy the appropriate criteria and can be classified as 
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[WC 1 1] objectS they nevertheless seem different from the pre- 
viously known Galactic PNe with central stars of similar spectral 
class. 

From the analysis of our sample it looks as if CSs with 
VL type spectra are quite common among Galactic bulge low- 
ionization PNe. In fact the presence of such central stars may 
be a necessary condition for these PNe to exist and be observ- 
able. Evolutionary time scales from model calculations indicate 
that very low mass post-AGB stars would require an enhanced 
mass-loss (manifested by emission lines in the spectra) to be able 
to reach temperatures sufficient to ionize the surrounding matter 
before it disperses. The range of masses of the stars from which 
the VL PNe originate may be very narrow. 

Finally, we analyzed the chemical abundances of the PNe 
with emission-line CSs and compared them to those of normal 
PNe. We have found no significant differences among the vari- 
ous groups. Such a conclusion had previously been reached by 
Gorny & Stasinska (1995) and by Pefia etal. (2001), however, 
in those studies, the abundances were not obtained in a homo- 
geneous way. Recently Girard etal. (2007) have published an 
analysis of new observations of 30 [WR] PNe (including some 
bulge and inner-disk objects) presenting some indications that in 
these nebulae the N/O, Ar/H and S/H abundance ratios are larger 
than in normal PNe. Interestingly, at least in the case of the lat- 
ter two ratios, our results would suggest a similar possibility. On 
the other hand the O/H ratio may be higher for WEL PNe (and 
perhaps [WR] PNe) in comparison with other PNe. This would 
be consistent with the lower Te{0 iii) of these PNe suggesting a 
larger number of effectively cooling atoms in the nebular plasma. 
However the result may also be biased by the method used to de- 
rive the abundances. 

Three PNe with emission-line CSs: Th 3-13, M 2-29 (WEL) 
and MaC 1-10 ([WR]), have been found to be extremely metal- 
poor compared to the rest. These nebulae deserve further inves- 
tigation. We have also confirmed the unusually low Ne/0 abun- 
dance in M 1 -25 reported by Pena et al. (200 1 ) and found another 
[WR] PN with this property: M 2-20. 

A detailed analysis of the chemical abundances of the col- 
lected PNe sample and a discussion of their consequences for 
our understanding of the formation and evolution of the Galactic 
bulge itself and the PNe population in particular are presented in 
Chiappini et al. (2009). 
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Similarly Pena et al. (2001) were able to apply [WC] classification 
to some WEL CSs. 
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Appendix A: Recovering correct intensities from 
second order contaminated spectra 

We describe here a procedure developed for our second order 
contaminated spectra. This type of spectrum can be corrected if 
at least two different standard stars were observed. The advan- 
tage of the presented approach is an easy implementation within 
MIDAS routines requiring no labour-intensive manual correct- 
ing or editing of every observed spectrum. 

It is well known that the spectra at wavelengths longer than 
5800A (double the atmospheric UV cutoff at 2900A) can be 
subject to contamination from second order effects. However, 
the exact amount of this contamination can vary depending on 
the site and instrument transmissivity to UV photons as well as 
the specific object properties. Therefore this effect may be quite 
small or even negligible in many cases. The use of order block- 
ing filters is also not advised when one deals with spectra cover- 
ing a wide wavelength range and does not want to decrease the 
sensitivity of its blue part. This was our case as we were equally 
concerned with both an intrinsically weaker [O ii] /17325 line at 
the red end and the usually more poorly exposed lines at the blue 
end, especially the crucial [O ii] /13727 line. 

Nevertheless after starting to reduce the spectra it became 
evident that the order contamination problem of our CTIO ob- 
servations is very prominent. It first appears when the flux cali- 
bration is attempted. Using the nomenclature of MIDAS routines 
this is known as deriving the instrument response function from 
standard star(s) observations and applying it to observed objects. 
The response function at a given wavelength is defined as: 



R = 



IE 

7f' 



where I is the flux registered and measured from the CCD 
after flat-field correction and bias & background subtraction, F is 
the tabulated flux of the star at the base of the atmosphere, t is the 
exposure time and E is a correction for atmospheric extinction. 
E is computed from the actual airmass of the observation and the 
atmospheric extinction constant A as: 



EiA) = 10 



-0.4 A(A) airmass 



However in the case of second order contaminated spectra at 
wavelength A, the registered flux is partly due to light from the 
wavelength A/2. The amount of this contaminating light must be 
proportional to the absolute flux but depends also on the airmass. 
If we represent the proportionality factor by X, we can write for 
the actually registered intensity /' : 



I'(A) = 1(A) + X(A) t F(A/2) E(A/2). 



(A.l) 



Thus for the first observed but contaminated standard star 
to have a correct response function we would have to solve the 
equation: 



RiiA) = 



(I[(A) - X(A) h Fi(A/2) Ei(A/2)) Ei(A) 
h FiiA) 



X(A) should be a unique property of a spectrograph at a 
given setting (neglecting some possible small variations with 
time as the properties of the instrument may change with chang- 
ing weather conditions or telescope orientation). Therefore we 
can write a similar equation for the second star with the same 
XiA): 



(I'^jA) - X(A) t2 F2(A/2) E2(A/2) ) EijA) 
h F2(A) 



and solve them with the condition that the response functions 
from observations of both stars should (ideally) give the same 
response solution: 



Ri(A)^R2(A) 
or in full form as: 

I[(A) Ei{A) ^ji Fi(A/2) Eli A 12) Ei(A) 



(A.2) 



fi Fi(A) 
I^(A) E2(A) 



X{A)- 



-X(A) 



h Fi(A) 
t2 F2(A/2) E2(A/2) E2(A) 



ti F2(A) t2 F2(A) 

This can be noted also as 
R\{A) - X{A) Ri(A/2) = R'^iA) - X(A) R2(A/2) 
leading to: 



X(A). 



R'^(A)-R[(A) 
R2(A/2) - Ri(A/2) 



(A.3) 



where R'^ (A) and R2(A) are the response functions derived with 
actually observed, contaminated intensities and Ri{A/2) and 
R2(A/2) are "response" functions derived with artificial standard 
star spectra: 

t F{A/2) E{A/2). 

F(A/2) is created with a MIDAS create/image com- 
mand from a table comprising the original tabulated UV 
fluxes but assigned to doubled wavelengths. On the other hand 
E(A/2) requires a modified extinction table created from the 
atmoexan . tbl file of MIDAS by assigning the extinction con- 
stants again to doubled wavelengths. This is possible with an- 
other standard command create/table. 

The creation of the modified extinction table and separate 
F{A/2) frames for each standard star observed are the only steps 
requiring any manual modifications of existing tables or data. 
Since the created files follow the standard MIDAS image and 
table formats, the extinction correction E(A/2) and E(A) can be 
executed with a standard MIDAS procedure extinction/long 
and the response function can be derived with the commands 
integrate/long and response/long. 

Once this is done it is easy to calculate the X(A) factors using 
equation A.3 and then to derive the corrected response function. 

Having observed more that two standard stars during a given 
night, we can compute slightly different X parameters using dif- 
ferent standard star pairs. We can also choose different stars to 
compute the final response: 

R„{A)=R'„(A)-R„(A/2). 

Our tests have shown however that due to the errors involved 
and the accuracy of the computations it is best to correct the 
response function of the star with the lowest UV/R light intensity 
ratio. On the other hand the X factors should be computed using 
all pairs including this star and stars with a high UV/R ratio. 
In this way we are inferring the true R by making only a small 
correction to R' and using X that has been determined with high 
accuracy from a few independent measurement^ 

The fact that the adopted procedure works correctly can be 
judged from Figure A.l. In this figure, black lines present the 
original registered spectra of four standard stars observed during 
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Fig. A.l. Registered and atmospheric extinction corrected spec- 
tra of four standard stars observed at CTIO on May 21st, 2002 
(black lines) and after removing second order contamination ef- 
fects (green lines). 
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Fig. A.2. Response functions derived from observations of four 
different standard stars during the CTIO run on May 2 1 st, 2002 
(black lines) and the final average response after removing sec- 
ond order contamination effects (red line). 

one night. Their corrected shapes computed using equation A. 1 
are shown with green lines in this plot. 

In Figure A. 2 an average corrected response function is 
shown as a red curve. The part between 5600A and 6400A has 
been derived by a linear interpolation between the original func- 
tion at shorter wavelengths and the re-calculated one at longer 
wavelength. This was a necessary step since the order contam- 
ination may still take place in this intermediate spectral region 
but the necessary standard fluxes below 3200A are not available. 



^' If two stars with similar and high UV/R are used it can lead to large 
errors or even a false solution. 
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Table 2. Logarithmic extinction C at HJ3 and dereddened line intensities on the scale Hj8=100. 
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38.20 c 


88.50 




4102 


HI 


19.52 




25.43 c 


23.50 


25.73 c 


25.90 c 


25.24 


26.21 


4340 


HI 


51.12 




47.74 c 


48.25 


46.64 c 


46.86 c 


49.49 


47.28 


4363 


ro TTTl 
Wj iiij 


26.48 




2.30: 


1.47: 


1.93; 


4.77 


16.41 


15.17 


4471 


He I 






7.05 


6.37 


8.17: 


4.21 


4.51 


0.91 


4686 


He II 


83.67 




16.19 




3.91: 


46.60 


31.78 


119.39 


4711 


FAr IVl 






1.08 




1.25: 


1.43: 


2.18 


12.30 


4725 


[Ne IV] 














0.16; 


1.36 


4740 


r Ar IVl 






0.70 




1.19: 




2.78 


9.67 


4861 


H I 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


5007 


ro TTTl 


2009.94 


644.18 


651.41 


552.24 


489.27 


673.59 


1243.07 


806.15 


5515 


[CI III] 


6.16; 




0.82 


0.50 






0.20: 


0.26: 


5537 


[CI III] 


1.95; 






0.90 






0.29: 


0.30; 


5755 


[Nil] 






4.25 


1.30 


1.24: 




0.52: 




5876 


He I 


19.59; 


29.88: 


22.03 


20.81 


25.21 


18.24 


14.25 


3.31 


6300 


[0 I] 




12.23: 


10.34 


2.09 






3.12 


1.25 


6312 


[S III] 






1.30 


1.54 


0.33; 


0.71: 


0.92 




6563 


HI 


281.63 


293.20 


290.22 


291.96 


289.58 


285.91 


281.72 


279.07 


6583 


[Nil] 


31.62: 


381.17 


502.67 


112.41 


20.96 


9.29: 


12.83 


1.72 


6678 


He I 


5.15; 


6.18: 


5.42 


4.84 


6.25 


5.11 


3.53 




6716 


[S II] 


10.26: 


30.88 


27.63 


4.65 


1.24 


1.82:b 


0.68 


0.29 


6730 


[SH] 


10.06: 


27.46 


36.89 


8.45 


1.72 


2.84:b 


1.25 


0.42 


7006 


[ArV] 














0.27: 




7136 


[Ar III] 


22.73 


22.63 


23.96 


20.97 


12.32 


12.06 


5.18 


6.49 


7325 


[Oil] 






3.68 


5.29 


3.35 


5.01 


4.02 


0.62 



PNG 




000.9-02.0 


000.9-04.8 


001.2-03.9 


001.7-04.4 


001.7-04.6 


002.1-02.2 


002.1-04.2 


002.2-02.5 


Main Name 


B13-13 


M3-23 


ShWi2-5 


Hl-55 


Hl-56 


M3-20 


Hl-54 


KFL2 


sample 


ESO'02 


CTIO'02 


CTIO'02 


CTIO'Ol 


CTIO'Ol 


CTIO'02 


CTIO'02 


ESO'02 


ext. C 




1.90 


1.33 


1.10 


1.04 


0.67 


1.49 


1.13 


1.39 


3727 


[0 III] 




15.69 c 


81.36 c 






19.27 


66.22 c 


4.56 c 


3869 


[Ne III] 


70.36 c 


105.12 c 


c 






88.64 


24.80 c 


43.61 c 


4102 


HI 


28.00 c 


26.42 c 


27.37:c 


25.39 


26.14 


24.97 


25.85 c 


26.08 c 


4340 


HI 


45.06 c 


46.99 c 


47.48 c 


46.17 


46.49 


49.62 


47.36 c 


47.10 c 


4363 


[O III] 


3.39: 


18.87 


72.37 




1.57 


9.59 


2.87: 


13.06 


4471 


He I 


5.68 


1.77: 


5.30 


2.61 


5.91 


5.38 


5.06 




4686 


Hell 




97.68 


41.91 




1.08 


1.50: 




67.14 


4711 


[ArlV] 




17.19 


5.60 




0.32 


1.64 


0.11 


5.65 


4725 


[NelV] 




1.66 


7.28 












4740 


[ArrV] 




13.54 


8.80 




0.20: 


2.09 




5.59: 


4861 


HI 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


5007 


[O III] 


897.36 


1307.12 


913.86 


11.27 


603.26 


1249.48 


471.37 


1033.47 


5515 


[CI III] 




1.01 




0.23: 


0.43 


0.40: 


0.22 




5537 


[CI III] 




0.99 




0.32: 


0.42 


0.48: 


0.49 




5755 


[Nil] 




0.37; 


7.57 


1.02 


0.18: 


0.42: 


2.03 




5876 


He I 


16.18 


5.72 


17.75 


8.66 


17.49 


16.22 


16.01 


7.95 


6300 


[OI] 






4.06 


2.16 


0.77 


2.19 


2.75 




6312 


[sni] 




4.23 


4.61 


0.29 




1.18 


1.67 




6563 


HI 


289.84 


280.99 


282.98 


297.77 


292.04 


285.42 


287.00 


281.96 


6583 


[Nil] 


3.49; 


20.28 


44.68 


277.38 


11.51 


13.46 


48.90 


2.96; 


6678 


He I 




1.96: 


4.08 


2.15 


4.45 


3.79 


3.72 


2.07 


6716 


[S II] 




3.89 


1.14 


11.21 


0.71 


1.35 


1.27 




6730 


[S II] 




4.77 


1.93 


18.99 


1.10 


2.43 


2.53 




7006 


[ArV] 




3.93 


8.96 












7136 


f Ar mi 


13.96 


23.44 


26.69 


3.62 


12.66 


8.53 


9.38 


5.75 


7325 


LO 11] 


0.82 


1.09 


7.34: 


0.78 


0.72 


3.14 


18.18 


1.59 
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PNG 




002.2-02.7 


002.3-03.4 


002.4-03.7 


002.5-01.7 


002.6-H04.2 


002.8-02.2 


002.9-03.9 


003.0-02.6 


Main Name 


M2-23 


H2-37 


Ml-38 


Pe2-ll 


Th3-27 


Pe2-12 


H2-39 


KFL4 


sample 


CTIO'02 


CTIO'02 


CTIO'02 


ESO'02 


CTIO'Ol 


ESO'02 


CTIO'02 


ESO'02 


ext. C 




1.05 


1.33 


1.08 


2.15 


2.47 


1.70 


1.30 


1.25 


3727 


[0 III] 


14.54 c 




98.91 c 


129.24 c 




42.95 c 


8.84 




3869 


[Ne III] 


99.64 c 


202.43 c 




61.93 c 




c 


104.00 


103.81 


4102 


HI 


26.06 c 


26.17:c 


25.57 c 


26.40 c 


25.97 


25.37 c 


24.12 


43.23 


4340 


HI 


46.99 


47.23 c 


46.21 c 


35.32 


46.95 


46.89 c 


48.61 


33.84 


4363 


[0 III] 


12.34 


13.54: 






12.32 




18.87 


11.33: 


4471 


He I 


5.29 


12.66: 




4.38 


5.87 


3.51 


3.48 




4686 


Hell 








31.05 


30.87 




38.31 


38.76 


4711 


[At IV] 


0.13 








6.66 




6.54 




4725 


[NelV] 










1.08 




0.24; 




4740 


[Ar IV] 


0.73 








12.05 




5.67 




4861 


HI 


100.00 


100.00: 


100.00: 


100.00 


100.00 


100.00 


100.00 


100.00: 


5007 


[0 III] 


1001.44 


806.63 


0.80; 


664.04 


1354.40 


18.67 


1304.10 


1165.09 


5515 


[CI III] 


0.19: 








0.57: 




0.41; 




5537 


[CI III] 


0.35: 








1.51: 




0.51; 




5755 


[Nil] 


1.19 




1.37: 


4.94 


9.27 


1.44 


0.19; 




5876 


He I 


16.97 


23.45 


1.92 


20.03 


19.07 


10.55 


10.76 


17.96 


6300 


[OI] 




1.59; 


2.24 


12.76 


11.36 


2.68: 






6312 


[sni] 




2.00 


0.12; 




4.48: 




0.87: 




6563 


HI 


282.39 


279.87 


293.32 


289.01:b 


A O 1 

284.31 


295.15 b 


zsl.Ol 


283.78 


6583 


[Nil] 


14.49 


110.63 


183.06 


481.66 


372.92 


298.82 


5.83 




6678 


He I 


3.74 


5.86 


0.44: 


5.84 


4.51 


3.56 


2.75 


3.67; 


6716 


[S II] 


0.56 


11.69 


9.66 


40.45 b 


10.56 


11.33:b 


0.83 




6730 


[S II] 


1.18 


8.16 


18.66 


34.32 b 


19.73 


15.29:b 


1.29 




7006 


[Ar V] 






0.33: 




3.74? 




0.41: 




7136 


[Arm] 


10.18 


13.65 


0.73 


29.85 


42.64 


3.52 


5.93 




7325 


[on] 


9.92 


2.85; 


3.97 


6.24 


6.76 


1.46 


1.08: 





PNG 




003.2-04.4 


003.3-04.6 


003.4-04.8 


003.5-02.4 


003.6-02.3 


003.7-04.6 


003.8-04.3 


003.8-04.5 


Main Name 


KFL12 


Apl-12 


H2-43 


IC4673 


M2-26 


M2-30 


Hl-59 


H2-41 


sample 


ESO'02 


CTIO'02 


CTIO'Ol 


CTIO'02 


CTIO'02 


CTIO'02 


CTIO'02 


CTIO'Ol 


ext. C 




1.17 


0.70 


1.02 


1.21 


1.64 


0.83 


0.87 


0.90 


3727 


[om] 


11.33 c 


11.31:c 




13.53 c 


53.74 


7.30 c 


25.78 c 




3869 


[Ne ni] 


68.69 c 


c 




90.05 c 


57.91 


94.40 c 


76.14 c 




4102 


HI 


25.71 c 


25.36 c 


25.74 


25.97 c 


24.52 


25.96 c 


25.97 c 


25.91 


4340 


HI 


46.60 c 


45.69 


46.65 


46.96 c 


48.82 


47.19 c 


47.10 c 


46.87 


4363 


[0 III] 


4.51 




33.53 


10.16 


2.75: 


12.08 


10.07 


3.38: 


4471 


He I 


6.09 




5.19 




5.91 


4.18 


3.77 


6.37 


4686 


Hell 


1.02:? 




27.57 




24.43 


42.91 


78.22 


44.93: 


4711 


[Ar IV] 






1.30 


9.90 




6.77 


11.21 


1.64: 


4725 


[Ne IV] 






0.80 






0.28: 






4740 


[ArlV] 


0.68 




0.33: 


7.38 




6.82 


9.31 


1.60: 


4861 


HI 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


5007 


[0 III] 


905.07 


1.98; 


121.45 


1132.09 


604.26 


1352.54 


1098.65 


460.88 


5515 


[CI III] 








0.90: 


0.70 


0.56 


0.98 




5537 


[CI III] 








0.83: 


0.96: 


0.72 


1.10 




5755 


[Nil] 




0.65: 


1.81 


0.71: 


2.37 


0.19 


1.16 


1.20: 


5876 


He I 


14.98 


0.89: 


19.94 


11.92 


21.71 


12.33 


11.26 


23.61 


6300 


[0 I] 




1.13 


1.36 




4.64: 


0.09; 


2.60 




6312 


[sni] 


0.48 




1.70 


2.79 


0.92; 


1.59 


3.10 


0.68: 


6563 


HI 


290.16 


298.52 


289.31 


284.30 


288.67 


284.38 


284.17 


285.63 


6583 


[Nil] 


1.84 


180.70 


14.45 


34.85 


252.29 


7.25 


71.42 


23.11 


6678 


He I 


3.84 


0.22; 


7.26 


3.54 


5.30 


3.61 


3.47 


6.01 


6716 


[S II] 


0.05;b 


6.24 


0.39: 


4.66 


19.80 


0.78 


6.78 


2.28 


6730 


[S II] 


0.22:b 


11.59 


0.80 


5.80 


21.07 


1.31 


9.83 


2.32 


7006 


[Ar V] 






0.43? 


1.30 




0.46 


2.10 




7136 


[Ar III] 


9.44 




3.31; 


25.83 


18.80 


14.75 


25.30 


10.94: 


7325 


[Oil] 


1.19 


0.56: 


0.88 


2.16 


2.71: 


1.72 


2.57 


2.67 
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Table 2. Continued 



PNG 




003.9-03.1 


004.1-03.8 


004.2-03.2 


004.2-04.3 


004.8-05.0 


004.9+04.9 


004.9-04.9 


005.0-1-03.0 


Main Name 


KFL7 


KFLll 


KFL-10 


Hl-60 


M3-26 


Ml-25 


Ml -44 


Pel-9 


sample 


ESO 02 


ESO 02 


CTIO 02 


CTIO 01 


CTIO 02 


CTIO 02 


CTIO 01 


ESO 02 


ext. C 




1.25 


1.32 


0.74 


0.62 


0.76 


1.42 


0.74 


1.59 


3727 


[O III] 




59.92 c 


9.83:c 




10.58 c 


70.99 




27.39 


3869 


[Ne III] 


55.00 c 


67.91 c 


53.00 c 




52.48 c 


8.07 




20.51 c 


4102 


HI 


26.13 c 


25.95 c 


25.84 c 


25.86 


25.85 c 


24.04 


25.87 


25.97 c 


4340 


HI 


47.17 c 


46.94 c 


46.78 c 


46.81 


46.80 c 


48.16 


46.83: 


45.92 


4363 


[O III] 


14.12; 


7.44 


3.51 


6.06 


3.67 


1.37 






4471 


He I 




5.05 


6.00 


5.30 


6.02 


6.93 




7.55 


4686 


Hell 


101.63 




31.06 


5.10 


31.26 






4.45: 


4711 


[ArlV] 


8.16; 


0.86 


2.23 


1.93 


2.16 


0.16 






4725 


[Ne IV] 


















4740 


[ArlV] 


7.59; 


0.67: 


1.81 


1.80 


1.86 








4861 


HI 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


5007 


[O III] 


950.28 


865.68 


600.70 


966.41 


600.11 


455.36 




227.71 


5515 


[CI III] 




0.60 


0.42 




0.42: 


0.41 






5537 


[CI III] 




0.59 


0.41 




0.38: 


0.88 






5755 


[Nil] 




1.15 


0.98 




0.98 


2.52 




0.60: 


5876 


He I 




14.96 


20.60 


16.02 


20.41 


21.26 


12.96 


23.74 


6300 


[01] 












2.40 






6312 


[sm] 






0.70 


0.51: 


0.68: 


1.90 






6563 


HI 


280.81 


284.59 b 


28/. iz 


286.69 


286.82 


291.29 


286.43 


284.31 


6583 


[Nil] 




41.67 


15.66 


2.80 


14.88 


216.64 


214.14 


33.31 


6678 


He I 




3.61 


5.65 


3.98 


5.55 


5.27 




5.08 


6716 


[S II] 




3.94:b 


1.41 


0.36: 


1.42 


5.39 


12.21 


3.88 b 


6730 


[S II] 




4.80:b 


1.87 


0.58: 


1.79 


10.17 


16.84 


3.91b 


7006 


[ArV] 


















7136 


[At III] 


5.25: 


11.44 


12.60 


8.44: 


12.40 


24.76 




6.40 


7325 


[Oil] 




5.22 


3.38 


0.74 


3.70 


6.77 




4.27 



PNG 




005.5-02.5 


005.6-04.7 


005.7-03.6 


006.0+02.8 


006.0+03.1 


006.0-03.6 


006.2-03.7 


006.3+03.3 


Main Name 


M3-24 


KFL16 


KFL13 


Th4-3 


Ml-28 


M2-31 


KFL15 


H2-22 


sample 


CTIO' 02 


ESO'02 


CTIO'Ol 


ESO'02 


ESO'02 


CTIO'Ol 


ESO'02 


ESO'02 


ext. C 




1.53 


0.68 


1.24 


1.71 


0.90 


1.37 


1.49 


2.04 


3727 


[om] 


27.21 c 


38.65 




157.67 c 


292.75 c 




16.79 


80.04 c 


3869 


[Ne m] 


72.60 c 


54.95 






147.47 c 




68.94 




4102 


HI 


25.85 c 


31.35 


25.68 


25.73 c 


30.79 c 


26.20 


28.37 


25.45 c 


4340 


HI 


46.80 c 


44.46 


46.57 


46.64 c 


43.65 c 


46.79 


46.02 


46.26 c 


4363 


[O III] 




8.66 


1.46; 




5.86 


6.56 


13.19 




4471 


He I 


6.77 




6.07 




3.30 


5.90 


1.29; 


6.58 


4686 


He II 


19.31 


117.71 


24.34 




32.65 




99.35 




4711 


[Ar IV] 


1.44 


14.10 


0.10; 




2.90 


1.62 


14.55 




4725 


[Ne IV] 


















4740 


[ArlV] 


1.43 


10.56 






2.19 


2.09 


11.50 




4861 


HI 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


5007 


[0 HI] 


708.40 


696.14 


455.67 


2.16 


654.72 


1110.25 


777.06 


24.68 


5515 


[CI III] 


0.76 




0.25; 






0.46 






5537 


[CI III] 


0.94 




0.15; 






0.81 






5755 


[Nil] 


1.28 


0.38 


1.10: 


2.19 


25.61 


1.61 




1.10; 


5876 


He I 


20.63 


7.34 


20.84 


1.59 


18.92 


17.88 


2.50: 


16.12 


6300 


[0 I] 


1.31 




0.97 


2.19: 




4.83 






6312 


[S III] 


1.12 




0.94 






2.16 


2.35; 




6563 


HI 


286.87 


282.04 b 


290.78 


289.55 b 


284.29:b 


287.11 


279.80 


296.17 b 


6583 


[Nil] 


92.41 


38.52 


125.46 


175.30 


1907.11 


64.56 


8.12: 


273.61 


6678 


He I 


5.02 


2.20 


5.54 




2.92 


4.27 


0.85 


4.05 


6716 


[SII] 


7.95 


6.23;b 


14.01 


6.16;b 


83.27 b 


4.37 


2.69:b 


16.01b 


6730 


[SII] 


10.47 


7.31;b 


11.59 


12.18;b 


68.38 b 


7.80 


2.68:b 


17.22 b 


7006 


[Ar V] 




4.00 




0.49? 






4.48 




7136 


[Ar III] 


17.88 


16.59 


13.01 


0.82 


37.36 


17.73 


5.94 


4.64 


7325 


[Oil] 


3.12 


3.41 


1.87: 


14.69 


8.51 


3.53 


1.53 


1.00: 
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PNG 




006.3+04.4 


006.4+02.0 


006.4-04.6 


006.8+02.3 


006.8-03.4 


006.8+04.1 


007.8-03.7 


007.8-04.4 


Main Name 


H2-18 


Ml-31 


Pe2-13 


Th4-7 


H2-45 


M3-15 


M2-34 


Hl-65 


sample 


CTIO'02 


CTIO'02 


cno'oi 


CTIO'02 


CTIO'Ol 


CTIO'Ol 


CTIO'Ol 


CTIO'Ol 


ext. C 




1.63 


1.98 


1.01 


1.76 


1.52 


2.12 


1.17 


0.98 


3727 


[O III] 


16.46 c 


33.35 




98.32 c 










3869 


[Ne III] 


99.93 c 


56.68 




90.15 c 










4102 


HI 


26.26 c 


23.71 


25.46 


26.20 c 


26.01 


25.70 


25.70 


25.08 


4340 


HI 


50.77 


48.56 


47.03 


47.26 c 


47.02 


46.60 


46.60 


46.06 


4363 


[O III] 


11.31 


1.87: 


13.58 


25.94 


11.79 


3.36 


2.03: 


0.58; 


4471 


He I 


4.69 


7.33 




2.07; 


5.04 


5.86 


5.91 




4686 


Hell 


5.05 




106.10 


65.70 






7.90 




4711 


[ArlV] 


2.68 


0.34 


12.38: 


5.70; 


1.52 


0.71 


0.60; 




4725 


[Ne IV] 


















4740 


[ArlV] 


2.51 


0.65 


10.84: 


3.72; 


1.85 


0.65 






4861 


HI 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


5007 


[O III] 


1310.66 


765.81 


1257.73 


1431.93 


1099.46 


934.12 


577.47 




5515 


[CI III] 


0.36; 


0.38 






0.43 


0.50 


0.48; 




5537 


[CI III] 


0.47; 


0.82 






0.37: 


0.77 


0.75; 




5755 


[Nil] 


0.23; 


3.08 




2.18: 


0.22; 


0.94 


2.77 


0.65 


5876 


He I 


15.11 


22.65 


9.54 


9.21 


16.19 


18.99 


23.87 


1.37 


6300 


[01] 


1.03: 


6.39 


2.54; 


14.35 


0.42; 


2.70 


4.80: 


1.24 


6312 


[sm] 


1.03: 


1.73 




2.31 


0.84 


1.56 


1.51: 




6563 


HI 


284.59 


Orti CO 

292.58 


loo n/1 

283.06 


279.36 


loo O'l 

283.32 


290.22 




299.77 


6583 


[Nil] 


7.84 


138.79 


16.20 


63.97 


4.43 


47.90 


283.02 


195.56 


6678 


He I 


3.67 


5.21 


2.40; 


2.53 


3.41 


4.69 


5.13 


0.52 


6716 


[S II] 


1.12 


3.38 


2.92 


5.50 


0.32 


2.68 


29.13 


8.08 


6730 


[S II] 


1.75 


6.91 


4.39 


8.14 


0.66 


5.14 


27.13 


16.04 


7006 


[ArV] 






1.53: 


1.13 








0.27 


7136 


[At III] 


7.12 


24.70 


21.51 


10.28 


6.36 


19.60: 


19.79 




7325 


[Oil] 


1.82 


7.40 




10.66 


0.93 


3.11 


1.67 


0.38 



PNG 




008.4-03.6 


009.0+04.1 


009.3+04.1 


010.4+04.5 


010.6+03.2 


350.9+04.4 


350.9+04.4 


352.0-04.6 


Main Name 


Hl-64 


Th4-5 


Th4-6 


M2-17 


Th4-10 


H2-1 


H2-1 


Hl-30 


sample 


ESO'02 


CTIO'Ol 


CTIO'Ol 


CTIO'Ol 


CTIO'Ol 


CTIO'02 


CTIO'Ol 


CTIO'02 


ext. C 




1.41 


1.73 


1.35 


1.05 


1.34 


1.01 


1.11 


1.53 


3727 


[om] 


98.10 c 










159.48 c 




95.31 c 


3869 


[Nein] 
















114.73 c 


4102 


HI 


25.44 c 


25.91 


25.88 


25.78 


24.96 


26.19 c 


25.66 


25.96 c 


4340 


HI 


46.24 c 


46.88 


46.83 


46.70 


46.38 


46.13 c 


47.19 


47.61 c 


4363 


[0 III] 




6.47 


6.88 


2.37 


0.58; 


1.09: 


0.97 


7.07 


4471 


He I 


6.78 


5.02 


4.84 


6.89 


6.22 


2.11 


1.96 


6.46 


4686 


He II 




45.62 




17.58 








24.24 


4711 


[Ar IV] 




3.98 




1.01: 


0.09 






4.46 


4725 


[Ne IV] 
















0.33: 


4740 


[ArlV] 




3.38 




0.88 








5.18 


4861 


HI 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


5007 


[0 HI] 


51.47 


875.71 


1012.33 


504.38 


320.09 


59.85 


61.53 


1134.62 


5515 


[CI III] 




0.72 




0.36 


0.36 


0.03 


0.18 


0.86 


5537 


[CI III] 




0.82 




0.45 


0.51 


0.05 


0.31 


1.54 


5755 


[Nil] 


0.86 


1.11 




0.99 


1.77 


2.92 


2.83 


7.65 


5876 


He I 


19.79 


17.33 


17.16 


21.23 


19.38 


7.19 


7.45 


20.06 


6300 


[0 I] 






1.29 


0.13; 


2.75 


1.98 


2.17 


14.79 


6312 


[sni] 




1.65 


1.03 


0.76 


0.86 


1.18 


1.29 


3.62 


6563 


HI 


296.45 b 


285.61 


286.31 


288.49 


294.06 


279.46 


280.55 


286.75 


6583 


[Nil] 


225.06 


61.78 


13.34 


40.97 


185.31 


109.81 


110.76 


557.85 


6678 


He I 


4.88 


4.65 


3.71 


5.65 


4.77 


1.42: 


1.70 


5.00 


6716 


[S II] 


19.17 b 


4.67 


0.81 


3.27 


6.72 


2.24 


2.35 


21.18 


6730 


[S II] 


18.49 b 


6.63 


1.63 


4.66 


10.78 


4.53 


4.67 


36.12 


7006 


[ArV] 




0.18: 






0.07; 


0.16; 


0.17? 


1.03: 


7136 


[Ar III] 


5.82 


22.08 


7.27 


13.45 


12.62 


4.07 


3.97 


39.11 


7325 


[Oil] 


1.80 


1.74 


1.71 


2.33 


2.46 


21.30 


15.19 


8.57 
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Table 2. Continued 



PNG 




353.5-04.9 


354.2+04.3 


355.4-04.0 


355.7-03.4 


355.9+03.6 


355.9+03.6 


355.9-04.2 


356.7-04.8 


Main Name 


Hl-36 


M2-10 


Hf2-1 


H2-23 


Hl-9 


Hl-9 


Ml-30 


Hl-41 


sample 


CTIO'02 


CTIO'Ol 


CTIO'Ol 


CTIO'Ol 


CTIO'02 


CTIO'Ol 


CTIO'Ol 


CTIO'Ol 


ext. C 




1.09 


1.32 


0.90 


1.23 


1.71 


1.75 


1.04 


6.03 


3727 


[0 III] 


55.47 c 








63.93 c 








3869 


[Ne III] 


163.71 c 








2.60:c 








4102 


HI 


26.45 c 


25.61 


26.02 


25.38 


25.98 c 


25.36 


25.73 


25.88 


4340 


HI 


49.65 


46.40 


47.02 


46.83 


48.01 c 


46.91 


46.23 


46.83 


4363 


[0 III] 


102.06 




14.22 


7.65 


2.38: 


2.08 


0.17; 


5.06 


4471 


He I 


2.57 


6.60 


2.10 


3.77 


3.44 


3.56 


7.26 


4.97 


4686 


Hell 


63.34 




90.87 










25.15 


4711 


[At IV] 


4.77 




9.31 


1.54 






0.10 


2.15 


4725 


[NelV] 


5.70 










0.36 






4740 


[Ar IV] 


9.08 




7.02 






0.36? 




1.73 


4861 


HI 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


5007 


[0 III] 


1424.23 


138.74 


1356.24 


1142.81 


186.72 


189.04 


153.48 


766.58 


5515 


[CI III] 


0.21 


0.31 


1.50 








0.32 


0.52 


5537 


[CI III] 


0.54 


0.41 


1.36 








0.55 


0.44 


5755 


[Nil] 


8.62 


1.36 


1.45: 




4.65 


4.52 


1.75 


0.41 


5876 


He I 


7.74 


20.35 


7.92 


17.10 


11.88 


11.98 


21.48 


15.71 


6300 


[OI] 


27.80 


1.75: 


2.33 


2.49; 


1.61 


1.66 


1.56 


1.18; 


6312 


[sni] 


7.39 


0.56 


5.10 


2.06 


2.27 


2.25 


0.65 


0.93 


6563 


HI 


268.49 


293.73 


283.23 


286.30 


284.05 


285.05 


296.72 


286.32 


6583 


[Nil] 


72.06 


231.14 


90.26 


29.67 


62.65 


63.14 


297.26 


23.78 


6678 


He I 


2.25 


4.99 


2.44 


3.65 


2.69 


2.65 


5.41 


4.51 


6716 


[S II] 


2.76 


8.24 


12.72 


2.98 


0.44 


0.42 


4.87 


2.95 


6730 


[S II] 


5.28 


11.50 


14.11 


5.17 


1.02 


1.02 


8.85 


3.39 


7006 


[Ar V] 


5.90 




1.27 




0.25? 


0.23 




0.21 


7136 


[ArlH] 


19.14 


11.24 


28.76 


10.34 


6.73 


6.67 


16.46 


9.62 


7325 


[on] 


28.72 


0.97 


1.51 


5.07: 


42.32 


31.14 


1.56 


1.07 




PNG 




356.9+04.4 


356.9+04.5 


356.9+04.5 


357.1+03.6 


357.1-04.7 


357.2-04.5 


357.3+03.3 


357.4-04.6 


Main Name 


M3-38 


M2-11 


M2-11 


M3-7 


HI -43 


HI -42 


M3-41 


M2-22 


sample 


CTIO'02 


CTIO'02 


CTIO'Ol 


CTIO'Ol 


CTIO'Ol 


CTIO'02 


CTIO'Ol 


CTIO'Ol 


ext. C 




2.06 


1.26 


1.31 


1.54 


1.07 


0.85 


1.66 


1.22 


3727 


[oni] 


44.00 c 


110.90 c 








27.53 c 






3869 


[Ne ni] 


156.07 c 


143.44 c 








90.26 c 






4102 


HI 




25.87 c 


26.20 


25.60 


25.37 


25.86 c 


24.98 


25.84 


4340 


HI 


47.22 c 


47.38 c 


47.26 


46.46 


46.14 


46.67 c 


46.39 


46.78 


4363 


[0 III] 


25.75 


30.57 


30.68 


1.01 




7.17 




4.97 


4471 


He I 


4.65 


4.80 


4.96 


5.85 




5.31 


1.47 


6.47 


4686 


Hell 


35.76 


44.90 


47.10 


1.61? 




0.80 




30.16 


4711 


[Ar IV] 


5.22 


5.25 


5.09 


0.07 




1.16 




3.03 


4725 


[Ne IV] 


3.17 


2.08 


1.89 










0.24 


4740 


[ArlV] 


10.34 


5.95 


6.08 






1.46 




2.48 


4861 


HI 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


5007 


[0 III] 


1535.34 


1710.45 


1707.67 


418.86 




1154.21 


5.78 


856.32 


5515 


[CI III] 


0.38: 


0.08 


0.59 


0.40 




0.37 


0.24; 


0.87 


5537 


[CI III] 


0.71 


0.11 


0.82 


0.56 




0.54 




0.91 


5755 


[Nil] 


6.56 


3.91 


17.03 


0.61 


0.91 


0.49: 


1.17 


2.04 


5876 


He I 


15.29 


15.59 


12.59 


18.70 


2.25 


16.02 


6.86 


19.68 


6300 


[0 I] 


12.80 


10.50 


4.02 


0.37: 


1.44 


2.18 


0.85 


2.46 


6312 


[sni] 


4.71 


4.04 




0.90: 




1.22 


0.30 


1.91 


6563 


HI 


279.95 


279.46 


279.43 


292.56 


298.24 


286.80 


293.82 


287.16 


6583 


[Nn] 


146.78 


120.63 


120.19 


50.18 


193.65 


17.58 


193.07 


177.29 


6678 


He I 


3.59 


3.70 


3.84 


4.74 


0.89 


3.99 


1.64 


5.09 


6716 


[S II] 


6.78 


9.23 


9.13 


1.64 


4.63 


1.47 


8.93 


11.59 


6730 


[S II] 


11.15 


13.80 


13.95 


3.01 


9.56 


2.66 


14.33 


15.99 


7006 


[Ar V] 


5.19 


2.12 


2.05 




0.31 






0.32: 


7136 


[Arm] 


27.76 


14.48 


14.30 


15.48 




10.41 


2.93 


24.25 


7325 


[on] 


11.71 


13.74 


9.42 


1.61 


0.53 


3.18 


1.62 


1.96 
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Table 2. Continued 



PNG 




357.5+03.1 


357.5+03.2 


357.6-03.3 


357.9-03.8 


358.5-04.2 


358.5-04.2 


359.0-04.1 


359.0-04.8 


Main Name 


Th3-16 


M3-42 


H2-29 


H2-30 


Hl-46 


Hl-46 


M3-48 


M2-25 


sample 


ESO'02 


ESO'02 


ESO'02 


ESO'02 


CTIO'02 


CTIO'Ol 


ESO'02 


CTIO'Ol 


ext. C 




1.61 


1.86 


1.75 


1.32 


1.38 


1.41 


1.17 


0.99 


3727 


[O III] 


324.60 


108.51 


53.08 c 




68.40 c 




171.89 c 




3869 


[Ne III] 




105.05 


4.67:c 


59.72 c 


26.60 c 




80.47 c 




4102 


HI 




29.96 


25.59 c 


23.10;c 


25.87 c 


25.85 


25.76 c 


25.73 


4340 


HI 


46.28;c 


42.80 


47.55 c 


8.03; 


47.97 


46.79 


45.57 


46.76 


4363 


[O III] 




10.43 






3.13 


2.94 


2.90: 


4.40 


4471 


He I 






8.08 




5.10 


5.26 


6.55 


5.93 


4686 


Hell 




87.23 




81.66 






17.51 


13.72: 


4711 


[ArlV] 




17.36 






0.29 


0.16 


1.65 


0.64 


4725 


[Ne IV] 


















4740 


[ArlV] 




12.75 










1.27 


0.26; 


4861 


HI 


100.00: 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


5007 


[O III] 




1236.37 


82.23 


507.53 


478.11 


481.63 


674.56 


798.47 


5515 


[CI III] 




1.32: 






0.03 


0.21 


1.00 


0.83: 


5537 


[CI III] 




1.36: 






0.06 


0.46 


0.71 


0.78: 


5755 


[Nil] 




3.91 


1.05: 




1.82 


1.80 


7.43 


5.75 


5876 


He I 




9.49 


24.23 


17.40; 


15.95 


16.32 


21.02 


18.43 


6300 


[01] 










2.04 


2.08 


24.33 


29.41 


6312 


[sm] 










1.58 


1.62 




1.75 


6563 


HI 


295.85:b 


284.71 b 


292.87 b 


286.43 


286.44 


286.96 


289.02 b 


287.47 


6583 


[Nil] 


88.90 


323.42 


166.92 


4.88 


47.23 


45.52 


637.03 


409.18 


6678 


He I 




2.43 


5.62 




3.72 


3.80 


5.94 


4.64 


6716 


[S II] 


14.04:b 


28.07 b 


14.97:b 




1.36 


1.13 


50.74 b 


56.96 


6730 


[S II] 


19.63:b 


35.16b 


13.07:b 




2.41 


2.19 


53.51 b 


51.37 


7006 


[ArV] 




5.74? 








0.10 






7136 


[At III] 




38.95 


6.17 


6.31; 


9.37 


9.44 


33.29 


24.06: 


7325 


[Oil] 


5.13 


6.27 


1.97 


2.93; 


14.57 


10.78 


8.17 


4.71 




PNG 




359.1-01.7 


359.1-02.9 


359.4-03.4 


359.6-04.8 


359.7-04.4 


359.9-04.5 






Main Name 


Ml-29 


M3-46 


H2-33 


H2-36 


KFL3 


M2-27 






sample 


CTIO'02 


ESO'02 


ESO'02 


CTIO'02 


CTIO'Ol 


CTIO'02 






ext. C 




2.12 


1.72 


1.75 


1.08 


1.06 


1.66 






3727 


[om] 


93.49 c 


116.73 


12.43 c 


20.16:c 




33.16 c 






3869 


[Ne ni] 


134.12 c 


55.68 


51.85 c 


57.58 c 




91.41 c 






4102 


HI 


25.66 c 


26.57 


25.73 c 


26.06 c 


25.84 


25.69 c 






4340 


HI 


49.94 


44.33 


46.63 c 


47.08 c 


46.78 


46.35 






4363 


[0 III] 


11.43 


1.04: 


2.45 


7.43 


3.26: 


3.11: 






4471 


He I 


5.80 


7.87: 


5.93 


3.49: 


6.41 


6.85 






4686 


Hell 


35.58 


16.32 


16.87 


86.54 


18.59 


0.29: 






4711 


[Ar IV] 


5.79 


0.55 


1.72 


3.30: 




0.36 






4725 


[Ne IV] 


0.35: 










1.70 






4740 


[ArrV] 


5.74 




0.83 


2.57: 




1.86 






4861 


HI 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 






5007 


[0 HI] 


1328.41 


497.06 


632.22 


615.82 


561.43 


913.99 






5515 


[CI III] 


0.99 


0.37; 




0.79 




0.47 






5537 


[CI III] 


1.42 










0.96 






5755 


[Nil] 


4.66 


4.20 


0.79: 




1.43 


2.82 






5876 


He I 


17.74 


26.70 


20.42 


19.22 


20.40 


21.67 






6300 


[0 I] 


8.86 


12.64: 






1.61: 


4.86 






6312 


[sni] 


3.52 




0.67 


1.22: 


1.19: 


1.89 






6563 


HI 


284.62 


293.28 b 


289.67 


282.24 


287.13 


290.52 






6583 


[Nil] 


314.74 


517.60 


14.52: 


13.63 


158.13 


154.74 






6678 


He I 


4.36 


6.82 


5.18 


4.64 


4.68 


5.13 






6716 


[S II] 


17.54 


33.95:b 


1.39 b 


3.14 


20.07 


4.65 






6730 


[S II] 


28.72 


36.17:b 


1.75 b 


2.82 


16.28 


8.48 






7006 


[ArV] 


1.31 






0.26; 










7136 


[Ar III] 


35.15 


23.03 


14.56 


12.98: 


12.28; 


26.69 






7325 


[Oil] 


6.22 


6.42 


4.15 


5.55: 


2.41: 


4.42 
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Table 3. Plasma parameters and abundances. The first row for each PN gives parameters computed from the nominal values of the 
observational data. The second and third row give the upper and lower limits respectively of these parameters. Column (1) gives the 
PNG number; Column (2) usual name; Column (3) electron density deduced from [S n] /16731/6716, columns (4) and (5) electron 
temperatures from [O m] /14363/5007 and [N ii] /15755/6584 respectively (the value of T^Q^ n) is in parenthesis if Te{0 iii) was 
chosen for all ions). Columns (6) to (12) give the He/H, N/H, O/H, Ne/H, S/H, Ar/H, Cl/H ratios, respectively. Column (13) gives 
the logarithmic extinction C at t^S derived from our spectra. 
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Tables. Continued 
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Main Name 
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He/H 
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ext. C 


002.4-03.7 


M 1-38 
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4.94E-04 
6.27E-04 
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l.llE-03 
1.29E-03 
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4.13E-04 
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3.68E-04 




1.45E-05 
1.86E-05 
1.15E-05 


6.02E-06 
6.49E-06 
5.38E-06 


1.45E-06 
1.95E-06 
9.75E-07 


2.47E+00 
2.54E+00 
2.43E+00 


002.8-02.2 


Pe 2-12 


l.lOE+03 

l.OOE+05 
4.07E+02 




6897 

7072 
4401 


7.24E-02 
7.94E-02 
6.58E-02 


1.97E-04 

2.57E-03 
1.76E-04 


2.76E-04 

1.23E-02 
2.31E-04 




1.36E-05 
6.46E-04 
1.09E-05 


1.33E-06 
5.89E-06 
1.12E-06 




1.70E+00 

1.84E+00 
1.52E+00 


002.9-03.9 
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2.38E+03 
2.90E+03 
1.96E+03 
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2.21E-04 


5.36E-05 
6.72E-05 
5.09E-05 


2.53E-06 
3.04E-06 
1.76E-06 


1.07E-06 
1.19E-06 
9.52E-07 


1.80E-06 
2.16E-06 
1.06E-06 


1.30E+00 
1.38E+00 
1.19E+00 


003.0-02.6 


KFL4 




11383 
11961 
10118 




1.59E-01 
1.72E-01 
1.44E-01 




3.20E-04 
4.66E-04 
2.48E-04 


8.03E-05 
1.02E-04 
5.01E-05 
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8681 
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l.OlE-01 
1.08E-01 
9.48E-02 


1.12E-05 
1.47E-05 
9.51E-06 


7.74E-04 
9.06E-04 
6.64E-04 


1.78E-04 
1.94E-04 
1.53E-04 


3.11E-06 
3.82E-06 
2.71E-06 


1.94E-06 
2.16E-06 
1.73E-06 




1.17E+00 
1.25E+00 
1.08E+00 


003.3-04.6 


Ap 1-12 


3.95E+03 
4.78E+03 
2.90E+03 




6074 
6456 
5681 


5.92E-03 
6.94E-03 
4.39E-03 


1.95E-04 
2.46E-04 
1.41E-04 


1.50E-04 
2.38E-04 
8.22E-05 




2.15E-05 
2.87E-05 
1.57E-05 






7.02E-01 
7.81E-01 
6.03E-01 


003.5-02.4 


IC 4673 


1.02E+03 
1.16E+03 
8.48E+02 


11089 
11538 
10802 


(11622) 
(12537) 
(10270) 


8.69E-02 
9.18E-02 
8.24E-02 


1.69E-04 
1.97E-04 
1.47E-04 


2.99E-04 
3.42E-04 
2.49E-04 


6.80E-05 
7.57E-05 
6.03E-05 


9.64E-06 
1.08E-05 
8.06E-06 


3.76E-06 
4.02E-06 
3.32E-06 


3.41E-06 
4.19E-06 
2.48E-06 


1.21E+00 
1.31E+00 
1.12E+00 


003.6-02.3 


M2-26 


5.42E+02 
6.46E+02 
4.64E+02 


9023 
9590 
8430 


8565 
8809 
8365 


1.77E-01 
1.86E-01 
1.65E-01 


4.28E-04 
5.28E-04 
3.08E-04 


4.13E-04 
5.22E-04 
3.33E-04 


1.30E-04 
1.75E-04 
1.12E-04 


6.37E-06 
8.64E-06 
3.93E-06 


3.30E-06 
3.95E-06 
2.80E-06 


6.20E-07 
9.85E-07 
3.42E-07 


1.64E+00 
1.72E+00 
1.54E+00 


003.7-04.6 


M2-30 


3.10E+03 
3.70E+03 
2.52E+03 


11042 
11245 
10650 


12860 
13403 
12362 


1.21E-01 
1.25E-01 
1.13E-01 


1.37E-04 
1.64E-04 
l.lOE-04 


4.46E-04 
5.25E-04 
3.99E-04 


8.94E-05 
1.05E-04 
8.45E-05 


8.78E-06 
1.06E-05 
7.42E-06 


2.59E-06 
2.88E-06 
2.37E-06 


1.07E-05 
1.48E-05 
8.26E-06 


8.34E-01 
9.24E-01 
7.63E-01 


003.8-04.3 


Hl-59 


1.73E+03 
2.02E+03 
1.43E+03 


11161 
11407 
10742 


10360 
10726 
10027 


1.45E-01 
1.53E-01 
1.36E-01 


3.33E-04 
4.14E-04 
2.67E-04 


4.32E-04 
5.16E-04 
3.80E-04 


8.54E-05 
1.05E-04 
8.49E-05 


1.03E-05 
1.28E-05 
8.74E-06 


4.15E-06 
4.69E-06 
3.86E-06 


2.23E-06 
3.06E-06 
1.70E-06 


8.74E-01 
9.43E-01 
7.81E-01 


003.8-04.5 


H2-41 


4.87E+02 
6.24E+02 
4.10E+02 


10384 
11033 
9579 


(21181) 

(24762) 
(17555) 


2.12E-01 
2.25E-01 
1.98E-01 


2.50E-05 
2.84E-05 
2.23E-05 


2.03E-04 
2.78E-04 
1.60E-04 




1.90E-06 
2.83E-06 
1.46E-06 


1.38E-06 
1.83E-06 
1.20E-06 




8.95E-01 
9.58E-01 
8.17E-01 


003.9-03.1 


KFL 7 




13347 
16086 
10748 




8.70E-02 
9.11E-02 
8.02E-02 




1.41E-04 
2.38E-04 
8.48E-05 


2.11E-05 
3.57E-05 
1.17E-05 




1.22E-06 
1.94E-06 
6.64E-07 




1.25E+00 
1.32E+00 
l.lOE+00 


004.1-03.8 


KFL 11 


9.42E+02 
8.85E+03 
2.86E+02 


10929 
11286 
10517 


13580 
14286 
12271 


1.09E-01 
1.16E-01 
9.66E-02 


8.07E-05 
9.63E-05 
6.16E-05 


2.46E-04 
3.01E-04 
2.08E-04 


5.57E-05 
6.89E-05 
5.06E-05 


2.52E-06 
5.55E-06 
2.07E-06 


1.27E-06 
1.48E-06 
l.lOE-06 


9.75E-07 
1.35E-06 
8.04E-07 


1.32E+00 
1.47E+00 
1.18E+00 


004.2-03.2 


KFL 10 


1.19E+03 
1.45E+03 
l.OlE+03 


9681 
10017 
9461 


(24839) 
(26748) 
(22744) 


1.74E-01 
1.83E-01 
1.63E-01 


3.36E-05 
2.74E-05 
2.19E-05 


3.00E-04 
3.66E-04 
2.66E-04 


8.29E-05 
l.OlE-04 
7.68E-05 


2.94E-06 
3.06E-06 
2.34E-06 


1.89E-06 
2.06E-06 
1.71E-06 


1.66E-06 
1.75E-06 
1.30E-06 


7.42E-01 
8.16E-01 
6.45E-01 


004.2-04.3 


Hl-60 


2.46E+03 
6.20E+03 
1.30L+03 


9876 
10011 
9513 




1.17E-01 

1.24E-01 
l.lOL-01 


2.89E-05 

4.05E-05 
2.19L-05 


3.78E-04 

4.71E-04 
3.451i-04 




3.16E-06 

4.07E-06 
2.39L-06 


1.36E-06 

1.58E-06 
1.21L-06 




6.17E-01 
6.75E-01 
5.44L-01 
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PNG 


Main Name 


ndS ii) 


r,(0 III) 


r,(N II) 


He/H 


N/H 


O/H 


Ne/H 


S/H 


Ar/H 


Cl/H 


ext. C 


004.8-05.0 


M3-26 


1.03E+03 
1.25E+03 
9.06E+02 


9818 
10197 
9697 


(26251) 
(28483) 
(24251) 


1.73E-01 
1.84E-01 
1.64E-01 


2.82E-05 
2.43E-05 
1.95E-05 


2.89E-04 
3.31E-04 
2.49E-04 


7.83E-05 
9.52E-05 
7.02E-05 


2.62E-06 
2.97E-06 
1.84E-06 


1.82E-06 
1.95E-06 
1.58E-06 


1.50E-06 
1.70E-06 
9.53E-07 


7.63E-01 
8.61E-01 
6.65E-01 


004.9+04.9 


Ml-25 


4.85E+03 
6.50E+03 
3.63E+03 


8058 
8267 
7903 


8672 
8873 
8342 


1.47E-01 
1.55E-01 
1.35E-01 


2.85E-04 
3.11E-04 
2.27E-04 


4.79E-04 
5.49E-04 
4.35E-04 


3.09E-05 
4.08E-05 
2.89E-05 


1.49E-05 
1.73E-05 
1.29E-05 


5.86E-06 
6.36E-06 
5.16E-06 


2.34E-06 
2.87E-06 
1.55E-06 


1.42E+00 
1.54E+00 
1.34E+00 


005.0+03.0 


Pe 1-9 


4.73E+02 
2.79E+03 
4.55E+01 




11084 
11841 
9512 


1.82E-01 
1.92E-01 
1.70E-01 


1.76E-05 
2.81E-05 
1.64E-05 


8.21E-05 
1.31E-04 
5.76E-05 


2.11E-05 
4.10E-05 
1.57E-05 


1.30E-06 
2.47E-06 
9.68E-07 


6.91E-07 
9.90E-07 
5.60E-07 




1.59E+00 
1.66E+00 
1.50E+00 


005.5-02.5 


M3-24 


1.18E+03 
1.45E+03 
9.69E+02 




9793 
10118 
9515 


1.65E-01 
1.71E-01 
1.56E-01 


2.18E-04 

2.48E-04 
2.00E-04 


3.22E-04 
3.55E-04 
2.80E-04 


1.02E-04 
1.18E-04 
8.09E-05 


5.33E-06 
5.94E-06 
4.69E-06 


2.56E-06 

2.86E-06 
2.26E-06 


l.lOE-06 
1.24E-06 
9.57E-07 


1.53E+00 

1.63E+00 
1.44E+00 


005.6-04.7 


KFL 16 


8.68E+02 
8.79E+03 
2.77E+02 


12471 
12857 
11500 


8685 
8982 
8227 


1.54E-01 
1.60E-01 
1.42E-01 


4.97E-05 
8.25E-05 
4.74E-05 


3.67E-04 
4.81E-04 
3.20E-04 


7.76E-05 
9.13E-05 
4.83E-05 


3.75E-06 
8.38E-06 
3.49E-06 


3.12E-06 
3.64E-06 
2.70E-06 




6.83E-01 
8.41E-01 
5.12E-01 


005.7-03.6 


KFL 13 


1.62E+02 
2.13E+02 
l.llE+02 


8232 
8861 
7106 


8423 
8949 
7869 


1.69E-01 
1.79E-01 
1.57E-01 


1.75E-04 
3.32E-04 
1.36E-04 


4.87E-04 
9.11E-04 
3.76E-04 




7.70E-06 
1.82E-05 
5.30E-06 


2.91E-06 
4.65E-06 
2.35E-06 


3.65E-07 
1.60E-06 
1.84E-07 


1.24E+00 
1.30E+00 
1.17E+00 


006.0+02.8 


Th4-3 


6.78E+03 
l.OOE+05 
1.24E+03 




8679 
9478 
5212 


1.09E-02 
1.20E-02 
l.OlE-02 


5.27E-05 
8.18E-04 
3.41E-05 


2.32E-04 
2.19E-02 
1.55E-04 




8.77E-06 
4.28E-04 
3.84E-06 


2.53E-07 
1.32E-06 
1.78E-07 




1.71E+00 
1.83E+00 
1.55E+00 


006.0+03.1 


Ml-28 


1.64E+02 
1.97E+03 
3.00E+01 


11094 
11276 
10443 


9844 
10134 
9173 


1.72E-01 
1.87E-01 
1.46E-01 


9.00E-04 
1.38E-03 
7.85E-04 


3.24E-04 
4.82E-04 
3.00E-04 


2.07E-04 
2.86E-04 
1.80E-04 


2.49E-05 
5.02E-05 
1.97E-05 


4.03E-06 
5.37E-06 
3.21E-06 




9.02E-01 
1.12E+00 
7.03E-01 


006.0-03.6 


M2-31 


3.85E+03 
4.94E+03 
2.88E+03 


9687 
9875 
9467 


12238 
12718 
11844 


1.24E-01 
1.33E-01 
1.16E-01 


3.85E-04 
4.66E-04 
3.35E-04 


4.55E-04 
5.20E-04 
4.07E-04 




1.38E-05 
1.60E-05 
1.23E-05 


2.60E-06 
2.89E-06 
2.37E-06 


3.25E-06 
4.14E-06 
2.58E-06 


1.37E+00 


006.2-03.7 


KFL 15 


4.92E+02 
4.01E+03 
3.00E+01 


14141 
14588 
13197 




1.05E-01 
l.UE-Ol 
9.59E-02 


7.81E-05 
1.08E-04 
5.92E-05 


3.18E-04 
4.40E-04 
2.69E-04 


7.09E-05 
8.72E-05 
5.50E-05 


5.12E-06 
7.17E-06 
2.97E-06 


1.99E-06 
2.27E-06 
1.76E-06 




1.49E+00 
1.60E+00 
1.39E+00 


006.3+03.3 


H2-22 


4.91E+02 
2.41E+03 
7.83E+01 




6630 
7497 
5486 


l.lOE-01 
1.21E-01 
9.91E-02 


2.14E-04 
5.11E-04 
1.46E-04 


3.37E-04 
1.80E-03 
1.43E-04 




1.73E-05 
4.17E-05 
l.lOE-05 


2.00E-06 
4.65E-06 
1.35E-06 




2.04E+00 
2.18E+00 
1.89E+00 


006.3+04.4 


H2-18 


2.26E+03 
2.72E+03 
1.87E+03 


10928 
11201 
10564 


(13871) 
(16891) 
(10749) 


l.lOE-01 
1.18E-01 
1.04E-01 


6.10E-05 
7.03E-05 
5.10E-05 


3.67E-04 
4.36E-04 
3.19E-04 


8.10E-05 
8.76E-05 
7.17E-05 


4.27E-06 
5.14E-06 
3.32E-06 


l.lOE-06 
1.25E-06 
l.OlE-06 


2.22E-06 
3.35E-06 
1.42E-06 


1.63E+00 
1.72E+00 
1.51E+00 


006.4+02.0 


Ml-31 


8.66E+03 
1.40E+04 
5.93E+03 


7639 
7980 
7264 


10738 
11414 
9533 


1.54E-01 
1.67E-01 
1.45E-01 


7.37E-04 
9.09E-04 
4.77E-04 


8.05E-04 
1.06E-03 
6.54E-04 


2.27E-04 
3.20E-04 
1.95E-04 


2.80E-05 
3.89E-05 
1.95E-05 


6.80E-06 
8.09E-06 
5.80E-06 


8.05E-06 
1.37E-05 
3.81E-06 


1.98E+00 
2.07E+00 
1.87E+00 


006.4-04.6 


Pe 2-13 


2.02E+03 
2.36E+03 
1.71E+03 


11814 
12196 
11540 




1.56E-01 
1.65E-01 
1.48E-01 




4.66E-04 
5.23E-04 
4.00E-04 






3.51E-06 
3.94E-06 
2.96E-06 




l.OlE+00 
1.08E+00 
9.31E-01 


006.8+02.3 


Th4-7 


2.07E+03 
2.48E+03 
1.78E+03 


14514 
15294 
14165 


(15076) 
(16954) 
(12944) 


1.18E-01 
1.25E-01 
l.llE-01 


1.07E-04 
1.26E-04 
9.33E-05 


2.84E-04 
3.12E-04 
2.30E-04 


4.46E-05 
4.80E-05 
3.52E-05 


2.91E-06 
3.30E-06 
2.43E-06 


9.04E-07 
1.08E-06 
6.79E-07 




1.76E+00 
1.87E+00 
1.66E+00 



006.8-03.4 


H2-45 


1.06E+04 


11654 


(17005) 


1.03E-01 


7.02E-05 


2.45E-04 


- 3.37E-06 


6.92E-07 


3.15E-06 


1.52E+00 






1.76E+04 


11866 


(21259) 


l.lOE-01 


9.33E-05 


2.81E-04 


3.91E-06 


7.71E-07 


3.64E-06 


1.60E+00 






7.17E+03 


11302 


(10342) 


9.68E-02 


6.15E-05 


2.22E-04 


3.06E-06 


6.45E-07 


2.73E-06 


1.46E+00 


006.8+04.1 


M3-15 


5.40E+03 


8431 


10644 


1.31E-01 


3.51E-04 


6.44E-04 


- 1.77E-05 


4.09E-06 


6.73E-06 


2.12E+00 






8.14E+03 


8584 


11056 


1.38E-01 


4.08E-04 


7.17E-04 


2.10E-05 


541E-06 


8.57E-06 


2.18E+00 






4.071^+03 


8235 


10119 


1.2m-01 


3.10L-04 


5.791i-04 


1.531^-05 


3.361^-06 


4.9()E-()6 


2.061^+00 
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PNG 


Main Name 


nJS ii) 


T,(0 III) 


T,(N II) 


He/H 


N/H 


O/H 


Ne/H 


S/H 


Ar/H 


cm 


ext. C 


007.8-03.7 


M2-34 


3.08E+02 
3.82E+02 
2.38E+02 


8424 
8830 
7937 


8726 
8966 
8489 


1.78E-01 
1.90E-01 
1.68E-01 


5.46E-04 
7.25E-04 
4.41E-04 


4.73E-04 
5.91E-04 
3.98E-04 




1.31E-05 
1.92E-05 
9.75E-06 


4.16E-06 
4.94E-06 
3.58E-06 


9.28E-07 
1.49E-06 
5.56E-07 


1.17E+00 
1.23E+00 
l.lOE+00 


007.8-04.4 


Hl-65 


6.07E+03 
9.38E+03 
4.16E+03 




5804 
5946 
5532 


9.06E-03 
9.66E-03 
8.57E-03 


2.50E-04 
3.45E-04 
2.03E-04 


1.85E-04 
2.98E-04 
1.40E-04 




4.19E-05 
6.80E-05 
3.09E-05 


3.26E-07 
4.13E-07 
2.84E-07 




9.81E-01 
1.05E+00 
8.80E-01 


008.4-03.6 


Hl-64 


3.19E+02 
1.32E+03 
3.00E+01 




6562 
6703 
6232 


1.35E-01 
1.43E-01 
1.22E-01 


1.91E-04 
2.77E-04 
1.61E-04 


5.89E-04 
l.OOE-03 
5.51E-04 




1.97E-05 
3.17E-05 
1.58E-05 


2.60E-06 
3.56E-06 
2.27E-06 




1.41E+00 
1.57E+00 
1.25E+00 


009.0+04.1 


Th4-5 


1.56E+03 

1.91E+03 
1.33E+03 


10399 

10637 
10187 


10878 
11176 
10570 


1.62E-01 
1.71E-01 
1.53E-01 


2.84E-04 

3.28E-04 
2.49E-04 


3.43E-04 

3.76E-04 
3.07E-04 




7.28E-06 
8.41E-06 
6.28E-06 


2.80E-06 
3.04E-06 
2.53E-06 


2.17E-06 

2.60E-06 
1.77E-06 


1.73E+00 

1.82E+00 
1.67E+00 


009.3+04.1 


Th4-6 


8.38E+03 
1.65E+04 
6.08E+03 


10053 
10265 
9794 




1.15E-01 
1.22E-01 
1.05E-01 


l.OOE-04 
1.36E-04 
8.67E-05 


3.68E-04 
4.29E-04 
3.28E-04 




5.32E-06 
6.14E-06 
4.79E-06 


9.76E-07 
1.07E-06 
8.87E-07 




1.35E+00 
1.41E+00 
1.29E+00 


010.4+04.5 


M2-17 


1.49E+03 
1.81E+03 
1.31E+03 


9094 
9248 
8882 


12549 
13050 
12096 


1.66E-01 
1.78E-01 
1.57E-01 


1.71E-04 
1.93E-04 
1.41E-04 


2.80E-04 
3.08E-04 
2.46E-04 




5.87E-06 
6.79E-06 
4.93E-06 


2.31E-06 
2.60E-06 
2.15E-06 


2.13E-06 
2.60E-06 
1.68E-06 


1.05E+00 
1.08E+00 
9.64E-01 


010.6+03.2 


Th4-10 


2.13E+03 
2.61E+03 
1.66E+03 


7198 
7840 
6541 


8405 
8635 
8168 


1.33E-01 
1.42E-01 
1.25E-01 


3.93E-04 
5.74E-04 
2.82E-04 


4.99E-04 
7.73E-04 
3.58E-04 




1.40E-05 
2.65E-05 
8.98E-06 


4.18E-06 
5.89E-06 
3.18E-06 


2.37E-06 
6.47E-06 
1.14E-06 


1.34E+00 
1.41E+00 
1.26E+00 


350.9+04.4 


H2- 1 


9.10E+03 
1.34E+04 
6.39E+03 


14419 
15946 
13347 


11656 
12155 
10435 


4.16E-02 
4.43E-02 
3.81E-02 


1.45E-05 
1.78E-05 
1.19E-05 


5.80E-05 
7.66E-05 
4.11E-05 




9.25E-07 
1.21E-06 
6.98E-07 


2.61E-07 
3.13E-07 
2.05E-07 


8.13E-09 
l.llE-08 
5.03E-09 


l.OlE+00 
l.lOE+00 
9.10E-01 


352.0-04.6 


Hl-30 


3.11E+03 

3.98E+03 
2.57E+03 


9848 
10074 
9567 


9471 

9766 
9125 


1.60E-01 
1.70E-01 
1.51E-01 


8.49E-04 
l.OOE-03 
7.02E-04 


5.54E-04 
6.34E-04 
4.98E-04 


1.73E-04 
1.87E-04 
1.54E-04 


1.51E-05 
1.80E-05 
1.32E-05 


5.52E-06 
6.32E-06 
5.15E-06 


1.02E-06 
1.32E-06 
8.22E-07 


1.53E+00 

1.62E+00 
1.43E+00 


353.5-04.9 


H 1-36 


9.87E+03 
1.22E+04 
6.66E+03 


36563 
38094 
31360 




8.78E-02 
9.13E-02 
8.10E-02 


5.92E-05 
6.75E-05 
4.73E-05 


7.04E-05 
8.46E-05 
6.01E-05 


1.55E-05 
1.80E-05 
1.30E-05 


1.34E-06 
1.62E-06 
1.14E-06 


4.59E-07 
5.39E-07 
4.21E-07 


8.42E-08 
l.lOE-07 
6.50E-08 


1.09E+00 
1.19E+00 
9.82E-01 


354.2+04.3 


M2-10 


1.27E+03 
1.51E+03 
1.07E+03 




7291 
7439 
7126 


1.41E-01 
1.50E-01 
1.32E-01 


2.99E-04 
3.33E-04 
2.68E-04 


2.73E-04 
3.18E-04 
2.36E-04 




7.93E-06 
9.01E-06 
6.96E-06 


3.58E-06 
4.13E-06 
3.15E-06 


7.69E-07 
8.78E-07 
6.66E-07 


1.32E+00 
1.38E+00 
1.26E+00 


355.4-04.0 


Hf2-1 


6.96E+02 
8.25E+02 
5.74E+02 


11710 
12064 
11414 


10514 
11501 
9579 


1.35E-01 
1.43E-01 
1.28E-01 


5.19E-04 
7.01E-04 
3.51E-04 


5.36E-04 
5.99E-04 
4.74E-04 




1.56E-05 
1.80E-05 
1.28E-05 


3.40E-06 
3.65E-06 
3.07E-06 


3.16E-06 
3.98E-06 
2.12E-06 


9.03E-01 
9.54E-01 
8.40E-01 


355.7-03.4 


H2-23 


3.41E+03 
4.75E+03 
2.88E+03 


10061 
10350 
9855 




1.19E-01 
1.27E-01 
l.llE-01 


6.32E-05 
8.70E-05 
5.11E-05 


4.41E-04 
4.97E-04 
3.82E-04 




7.46E-06 
8.71E-06 
6.38E-06 


1.39E-06 
1.55E-06 
1.24E-06 
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Fig. 21. The relation of different abundance ratios with ionization parameter 0^^/0++0^^ for Galactic bulge PNe: [WR] PNe- 
magenta triangles; WELPNe - blue squares; VLPNe - green circles; normal PNe - black or grey diamonds. Filled symbols mark 
objects with best quality data. PNe with a quality of the derived abundance ratio above the adopted rejection limit (i.e. error>0.3 dex) 
are represented with open thin-line symbols. 
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Fig. 22. The relation of different abundance ratios with ionization parameter He^^/He^+He^^ for Galactic bulge PNe. The same 
notation as in Fig. 1211 



